TIGHT BINDING BOOK 



VERS 

RARY 


OU 216391 


OD — 

73 < 
> m 

73 




OSMANIA UNIVERSITY LIBRARY 

Caii No. Accession No. Stolls' 

Author ^ 


TiUc 


This book s1iou!cl 



/ 

returned on or before the dale last marked beloW* 



RUTHERFORD 



CAMBRIDGE 
UNIVERSITY PRESS 
LONDON: BENTLEY HOUSE 
TORONTO, BOMBAY, CALCUTTA, 

madras: macmhxan 

TOKYO: MARUZEN COMPANY LTD 

Copyrighted in ihc United States of 
America by the Macmillan Company 

All rights reserved 



RUTHERFORD 

Being the Life and Letters of the 
Rt Hon. Lord Rutherford, O.M. 


By 

A. S. EVE, C.B.E., D.Sc., LL.D., F.R.S. 

formerly Macdonald Professor of Physics 
McGill University 

With a foreword by 

EARL BALDWIN OF BEWDLEY, K.G. 


CAMBRIDGE 
AT THE UNIVERSITY PRESS 
1939 



PRINTED IN GREAT BRITAIN 



DEDICATED TO 

LADY RUTHERFORD 

WITHOUT WHOSE CARE AND FORESIGHT 
THIS BOOK 

COULD NOT HAVE BEEN WRITTEN 




It is the great beauty of our science, that advancement in it, whether in a 
degree great or small, instead of exhausting the subject of research, opens 
the doors to further and more abundant knowledge, overflowing with 
beauty and utility. f A r A d a y 

-ft 

In igii Rutherford introduced the greatest change in our idea of matter 
since the time of Democritus. Eddington 

In watching the rapidity of this tide of physics I have become more and 
more impressed by the power of the scientific method of extending our 
knowledge of Nature. Experiment, directed by the disciplined imagination 
either of an individual or, still better, of a group of individuals of varied 
mental outlook, is able to achieve results which far transcend the imagina- 
tion alone of the greatest philosopher. ... From time to time there arises 
an illuminating conception, based on accumulated knowledge, which 
lights up a larger region and shows the connection between these indi- 
vidual efforts, so that a general advance follows. rutherford 




PREFACE 


In this book it has been my aim to hold up a mirror in which 
Rutherford may reveal liimself, just as he was, in lectures, 
books, papers, speeches, portraits, letters, and casual talk. 

All his books and papers, and many of his letters, were typed 
by his wife and it is due to Lady Rutherford’s care that both 
the letters written to her husband and the innumerable 
reprints of papers sent to him have been preserved. The 
collection of reprints is now in the Cavendish Laboratory. 

This careful collection and arrangement of material has 
greatly facihtatcd my work; I am also indebted to many friends 
of Rutherford for valuable help, in particular to Mr S. C. 
Roberts, to Professor J. Chadwick, to Professor M. L. E. 
Ohphant, and not least to my wife, who encouraged me at 
those times when the task seemed beyond my powers. 

A.S.E. 


May 1939 
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FOREWORD 


industry of the methods and results of scientific research. He was 
convinced, none more so, that continued industrial prosperity in 
this country could only come from such an application and, as 
Chairman of the Advisory Council for Scientific and Industrial 
Research during the last seven years of his hfe, he never spared 
himself in working for its achievement. Perhaps they are but few 
who are aware just how much British industry owes to him, but it 
was my good fortune on many occasions to receive the benefit of 
his advice in this and other ways. His shrewd insight and practical 
mind rarely if ever failed him nor was his aid ever invoked in vain. 

And yet, having said this much, how little has one really described 
him! His refreshing personality, his dauntless spirit, the merry 
twinkle of his eye, the exuberance of his ever-youthful, ever- 
joyful, enthusiasm: how can they be recaptured and confined 
within the Hmits of mere words! As well might one essay to 
distil the essence of the wind. One can only say he was a man, a 
peer among men: he was Rutherford, 
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CHAPTER I 


LIFE IN NEW ZEALAND 

Ernest Rutherford was bom on 30 August 1871, at Spring Grove, later 
called Bright water, tliirteen miles south of the town of Nelson, in the 
northern part of the South Island. The house has been pulled down, 
but there is a reproduction of it, in its derelict days, overleaf. His 
grandfather George Rutherford was a wheelwright at Perth, Scotland, 
and was engaged by Captain Thoms to migrate to New Zealand in 
order to erect a mill at Motueka. The whole family sailed in the Phoebe 
Dunbar from Dundee in 1842, and one of the sons named James, then 
aged tliree, was destined to be the father of Ernest. 

About 1855 a widow named Caroline Thompson, with her little girl 
Martha, aged twelve, left Hornchurch, Essex, together with CaroUne’s 
parents, the Shuttle worths, and landed in Auckland after a long voyage 
in the sailing ship Bank of England. From Auckland they sailed in the 
brig Ocean to New Plymouth, on the south-west coast of the North 
Island, and remained there until trouble with the Maoris caused the 
women and children to be sent to Nelson in the South Island, and finally 
it happened that on 20 April 1866, Martha Thompson, at one time a 
school teacher, was married to James Rutherford. 

In 1875 the Rutherfords moved ten miles to Foxhill in the same 
district of Nelson. A large family was bom, seven sons and five daughters. 
One boy, Percy, died as an infant. Two boys, Herbert and Charles, 
aged nine and eight, were drowned in Pelorus Sound when sailing with 
an older boy of another family. The four sons who grew to manhood 
were George, Ernest, James and Arthur. Ernest was fourth child and 
second son. The names of his sisters were Nellie (Mrs M. P. Chapman), 
Alice (Mfs A. T. EUiot, deceased), Florence (Mrs H. G. Streiff), Ethel 
(Mrs H. G. Sergei) and Eva (Mrs L. T. Bell). 

Rutherford’s father, while at Foxhill, earned his living as a wheel- 

BtR I 
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LIFE IN NEW ZEALAND 


[1876 

wright, by small-scale farming and by bridge-building or contracting in 
connection with the railway under construction. He was a man of great 
energy, very straightforward, reliable, versatile and much liked by all 
classes. The mother valued education, could play the piano, was thrifty 
and hard-working. 

At the age of five Rutherford was sent to the primary school at 
Foxliill where, with great good fortune, he was under a fine man and 
able teacher, Mr Henry Ladley, who taught Ernest as far as the fourth 
standard and should “get the credit due to him for starting the great 
man on his way This remark is due to Mr R. Cameron of Seddon who 
recorded that “some years later at a social function Rutherford pointed 
out how his parents had sacrificed, how they had gone without many 
comforts, so that he might be educated, so that he might have a chance, 
adding T should never have been where I am today if it wasn’t for my 
mother and father’”. 

Rutherford’s mother preserved a small science text-book with his 
name in it, and a date which shows that he was then ten years old. 
The book was written by Balfour Stewart, Professor of Physics at 
Manchester, and the preface lays down the very principles which 
Rutherford followed in his career: 

This book has been written, not so much to give information, as to 
endeavour to discipline the mind by bringing it into immediate contact 
with Nature herself, for which purpose a scries of simple experiments 
are described leading up to the chief truths of each science, so diat the 
powers of observation in the pupils may be awakened and strengthened. 

We are fortunate in having many sources of information about the 
early days of Rutherford, collected by friends and relations and by those 
who were at school or college with him. W^e are specially indebted to 
Prof. Coleridge Farr, F.R.S., of Canterbury College, New Zealand and 
to Dr E. Marsden, now Secretary of the Department of Scientific and 
Industrial Research, formerly a distinguished research studeril at Man- 
chester with Rutherford. 

In 1882 the family moved by boat to Havelock at the head of 




Rutherford’s home at FoxliiU 
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Pclonis Sound. James Rutherford set up a flax-mill where he prepared 
the native flax growing in neighbouring swamps. He also erected 
a saw-mill where he cut railway sleepers from the black and brown 
birch, and these were shipped to Lyttelton by sailing ships, so that 
sometimes a dozen of them together made a fine sight at the head of 
the Sound when held up by adverse winds. Ernest Rutherford now went 
to Havelock primary school and again came under the infiuence of an 
enthusiastic teacher, Mr Jacob H. Reynolds, who taught Latin to some 
of his pupils for an hour each morning before ordinary school work 
began; with the result that Rutherford, aged fifteen, won a fifty-guinea 
Marlborough Educational Board Sch olarship, with the remarkable 
record of 580 marks out of a possible 600. This award enabled him to 
go to Nelson College where he was at once placed in the Fifth Form. 

Nelson College was a good school, run on English public-school 
lines. The headmaster was a notable man, W. J. Ford of Rcpton and 
St John’s College, Cambridge, who had been for many years a house- 
master at Marlborough. He was a genial character, a good classical 
scholar and a great cricketer. A man of outstanding height and weight, 
he was a great ‘slogger’, and few men, if any, have hit a cricket ball 
farther and higher. It was not possible to catch out a man who per- 
sistently hit the ball over the boundary. 

Rutherford recalled a story of a day when Ford had a cricketing 
friend to visit him from England and the two of them took on the boys 
and some masters. Ford and his partner batted vigorously all the after- 
noon and utterly wore down the bowlers, but one of the masters, 
Littlejohn, persisted in using every wile in a vain endeavour to dislodge 
the batsmen, and Rutherford vowed that he was the real hero of this 
Roman holiday. 

Dr W. S. Littlejohn, M.A., Aberdeen, was a famous teacher and 
disciplinarian, and an enthusiast in running the Cadet Corps, in which 
Rutherford obtained his certificate for proficiency as a sergeant. In 
due course Littlejohn became principal of Nelson College and later of 
Scotch College, Melbourne. He was really a classical master, but he 


i-a 



4 


LIFE IN NEW ZEALAND 


[1888 

also became a thorough and proficient teacher of mathematics and 
science, and much of Rutherford’s later success depended upon this 
training. Only a Scot can do all that Littlejohn did. 

Rutherford was in Forms V and VI and b ec^e head of the school. 
He had a liberal education which was not unduly specialised. Although 
mathematics was his strong subject, he had no difficulty in obtaining 
scholarships and prizes for Latin, French, English Hterature, history, 
physics and chemistry. The modem cry of ‘too many subjects’ does 
not se em to have perturb ed him. 

In June 1888, he was top in all subjects in the Sixth Form and in his 
report his work in classics is described as being “as good as ever’’, 
his English work as showing “capital style and great power of repro- 
duc tion’*. In m athematics he w as “easily fi rsts ycryjquicL and a very 
promising mathematician’’. 

A schoolfellow, Mr C. H. Broad, sent some interesting notes to 
The Times (22 Oct. 1937): 

Rutherford and I were in the fifth and sixth forms together during the 
whole of his stay. He entered into the full life of the school in every 
way, games as well as study, and although he could never be described 
as an athlete, he was a forward in the first Fifteen in his last year. What 
always particularly struck me about him were his extraordinary powers 
of concentration, even in the midst of the greatest turmoil. Some of us 
used to take full advantage of his abstraction in various boyish ways, 
banging him on the head with a book, etc., and then bolting for our 
lives. Another thing I well remember was his habit of strolling about 
with Mr W. S. Litdejohn on the half-holiday, up and dovm Uttle 
frequented streets near the College, Littlejohn drawing diagrams in the 
dust of Hampden Street and discussing them with Rutherford. In those 
days chemistry was optional v^dth French, consequently Rutherford 
began his science late in his career at Nelson, and then he was practically 
taken alone in physics and chemistry by Dr Litdejohn. 

At Nelson, in addition to prizes for mathematics, his strongest subject, 
Rutherford gained the Stafford scholarship for history, the senior English 
literature scholarship, the French scholarship, the Latin prize. Form VI, 
and the Simmons prize for English literature, Form VI. 
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The strenuous, heroic life of the early colonists is well pictured by 
DrMarsden: 

In the meantime, the family had suffered two serious hardships. In the 
first place»J^ two younger brothers were drowned in an accident in the 
Sound. T®i&ther and brothers scoured the shores for three months in 
a vain effort to find the bodies. This accident so seriously affected his 
mother that she, for a long time, lost her sunny, cheery nature, and never 
again did she turn to her favourite music or play again her cherished 
Broadwood piano. A litdc later, James Rutherford had a serious accident 
on the small jetty from which he loaded his sleepers, unfortunately 
fracturing five of his ribs. Shortly after his recovery, the Atkinson 
Government cancelled orders for railway sleepers, and the family per- 
force looked round for fresh avenues of occupation. His father crossed 
to the North Island and proceeded North from Wellington on horseback, 
looking for suitable areas for flax. Eventually he arrived at Pungarehu, 
Taranaki, near the coast, 30 miles south of New Plymouth. Flax-milling 
had not started in this area, so he was able to obtain suitable land at ;^3 
per acre, near other flax swamps which he was afterwards able to cut 
under royalty. Returning to Havelock he chartered the Murray y under 
Captain Vickerman, and loaded it with his whole family, three extra 
operatives, and all his household furniture, his horses, his flax-milling 
machinery and a quantity of timber. The charter cost him £100. It 
took three days to get to New Plymouth, where the whole outfit was 
unloaded and the effects transported by the rough track to Pungarehu. 
Leaving his wife and younger children at New Plymouth, he proceeded 
to carve out a home and establish his mill. Soon he was relatively 
prosperous, although his flax was sold in Melbourne at only jTii per 
ton and had to be transported to New Plymouth for shipment over a 
road which took nearly two days to travel, with a five-horse team 
drawing only three tons. 

It is interesting to realise the energy and abihty which James Rutherford 
put into his flax-milling operations. He harnessed water-power to drive 
his milL He experimented and developed a method of soaking the 
fibre after stripping and subsequently a special scraper to remove the 
vegetable matter so as to minimise the labour and time of paddocking. 
He looked ahead and planted specially selected native varieties. Never- 
theless, he rehed mostly on ready grown swamp-flax, and such was the 
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success of his operations that the flax he produced was reckoned amongst 
the best in the Dominion, and he was later able to retire to New Plymouth, 
all his children having married and settled in different parts of the 
country. 


There is a good photograph of the Rutherford house ^ 
with a long line of white flax in the background and the top of the 
mill in the left rear with the houses for the mill-hands on the right. 

Rutherford seems to have been in every way a normal boy and as 
a youngster to have taken his share in the chores around a farm, chopping 
wood, running errands, gardening and helping to milk the cows. 

There was a tale which Rutherford used to tell with gusto, varying 
it a trifle to suit his audience. He told it to a group of young children 
who called him ‘Grandpa* and later on promoted him to ‘Lord 
Grandpa*. 


“My mother sent me out to bring the cow home to the paddock and 
to collect some fire wood as well. So I drove the cow and pulled a big 
branch of a tree behind me. Then I thought, why shouldn*t the cow 
help me? So I tied the branch with a rope to the end of her tail and she 
went quietly home till she came to a narrow gate. Here the branch 
jammed and the last bit of her tail broke off!** 

“Whatever did you do?** 

“I put a plaster on her tail and when I heard her in the byre later on 
mooing comfortably, I knew that she was all right.** 

“What did you do with the bit of tail?** 

“I heard that cows grew from cuttings so I buried the tail in the 
ground.** 


Long after, the youngest child used to explain how cows came from 
cuttings. 

There was another story of how Rutherford as a boy learnt to throw 
the bolas. He would hold one ball in his hand, whirl the other ball on 
the end of a string round his head and then let them go. He gradually 
learnt to throw them higher and farther, until one day they went right 
over the top of the house. From the other side came loud screams and 
he rushed round to find his young brother had been hit and was going 




The house nmJ flax-mill, Pungarehu 
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“But after Td sat on his head for half an hour he 


began to see reason.” 

As he grew older Rutherford began to enjoy other occupations; 
he photographed with a home-made camera, took clocks to pieces, 
made model water-wheels (like Newton), imitating his father, who was 
highly skilful in developing water-power for his miUs. Rutherford was 
fond of music as a background, but it cannot be suggested that he was 
musical. So too he liked to sing, but with no great adherence to any 
tune. Reading was his great recreation, and he loved throughout his 
life all forms of Uterature. As a boy he was specially fond of Dickens 
and would enjoy reading him aloud to the younger members of the 
family, “joining most heartily with his huge laughter at the various 
humorous incidents of Pickwick”. There were expeditions in the bush, 
catching brook trout or spearing eels, and occasionally a profitable 
hop-picking hoUday. Ernest had a narrow escape while bathing with 
his brother Jim in the Wai-ti River. Ernest got out of his depth, but 
Jim just managed to reach him and get him out. This was before they 
had learned to swim. At Pungarehu, there were expeditions on horse- 
back in the bush to shoot wild pigeons at dawn when they assembled 
to feast on the berries of the lofty miro-trees. 

Dr F. Milner, C.M.G,, Rector of Waitaki Boys* High School, who 
was at Nelson School and at Canterbury College with Rutherford, 
has stated that “Rutherford always said that but for his gaining a 
scholanhip to Nelson College from a country hamlet he would have 
been a farmer and never realised his special gifts**. It is more probable 
that he would have come to the front and become a leader in any walk 
of life. 


However that may , be, the next great step in the ladder of his life 


waTtaken: he won a Junior Univers ity S cholarship (1889) and matricu- 
lateTat the Univenity” of New Z^and. 

^When Rutherford went to Canterbury College, Christchurch, part 
of the Univenity of New Zealand, it was a small institution with about 
seven professors and 150 regular students. We have a fair picture of 
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the new undergraduate from a fellow-student, Mr R. M. Laing; 
“Rutherford was a boyish, frank, simple and very likeable youth, 
with no precocious genius, but when once he saw his goal he went 
straight to the central point.” He joined in the life of the place with 
zest, played for the Football Fifteen as a forward, and took a share in 
the debates of the Dialectical Society. In 1891 he passed the first section 
of the B.A. degree in Latin, English, Mathematics and Mechanics, 
and a year later completed the requirements for that degree with French 
and Physical Science, and won a Senior University Scholarship in 
Mathematics. There is a good photograph of him when twenty-one. 
He seems to have come largely under the influence of two men — ^Prof. 
A. W. Bickerton, a man of original but heterodox views, who was 
rather a free lance in physical science; and Prof. G. H. H. Cook, who 
was a sound and orthodox mathematician and an able teacher. At 


the end of his fourth year he qualified for his M.A. degree with the 
rather unusual distinction of a double first — in Mathematics and in 


Physical Science. His mother with reasonable pride wrote the good 
news to his first schoolmaster at Foxhill. 

^Rutherford returned for a fifth year to Canterbi ^ College^ devoting 
him^lt largely to science subjects with a viewTo a B.Sc. degreeTTFor 
his thesis he undertook a large section of research work on the “Mag- 
netisation of Iron by High-frequency Discharges”. This was read before 
the Philosophical Institute and published in the Transactions of the 
New Zealand Institute in 1894. Like many other young men, he had 
been immensely impressed with the discovery of electric waves by 

concrete-floored cellar, which was usually known to students as the 
*dcn* and in which they were accustomed to hang up their caps and 
gowns”. He could thus generate a high-frequency, alternating electric 
current, which he could pass round insulated fine copper wire, wound 
into a coil in the middle of which he could insert steel sewing-needles, 
or short strips of iron or steel wire. He found, contrary to the generally 


H ertz, winch co nfirmed the clectro-ma gtietic theory of Clerk 
Rutherford set iip^T Hertz oscillatoruia “miserable, cold, draughty 
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accepted views of that dme, that it was quite possible to magnetise, 
or demagnetise, iron and steel by rapidly alternating currents. It should 
be noted that he excited his oscillator with sparks firom an induction 
coil or a Voss machine, and both were equally cflfective. As he had 
a series of damped oscillations, each half-wave of current in his wires 
was greater than the second half in the reverse direction, so that the 
total current for a single spark was greater in one direction than in the 
opposite. Hence the magnetisation, which was often only skin deep, 
as he showed by dissolving away the outer part of a needle with acid. 

It is not possible to describe all the ingenious experiments carried 
out by Rutherford at this time, but it seems clear that he then began 
to develop a magnetic detector by which he could detect wireless waves 
passing through a distance of sixty feet down the length of the den 
and through opaque obstacles. He found that the most sensitive detector 
consisted of highly magnetised steel needles which lost much of their 
m^netism by a high frequency current in a coil round them. It is 
interesting to note that Henry, the famous American physicist, had 
independently detected lightning flashes many miles away by means 
of an aerial from roof to ground passing round a coil with steel needles 
in the centre. Rutherford afterwards told me that he had not then 
heard of these experiments but he did refer to Henry’s magnetisation 
of steel needles by Lcyden-jar discharges. His own pubHshed conclusions 
were “that iron is strongly magnetic in rapidly varying fields, even 
when the frequency is over a hundred million a second”. We are 
here indebted again to Mr R. M. Laing, and to Mr S. Page, who was 
Demonstrator in Chemistry and Physics during this very period (The 
Times, 22 Oct. 1937). Indeed Mr Laing stated in The Press, New Zealand: 

21 Oct, 1937. I saw him send a message by Hertzian waves from one 
end to the other of Professor Bickerton’s laboratory, the old tin shed, 
as it was called, through various intermediate walls. 

It is dear that the work he developed at Cambridge was initiated at 
Christchurch. 
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Rutherford's second paper on ‘Magnetic Viscosity’ was published 
in the Transactions of the New Zealand Institute (1896) and among other 
schemes he had a time-apparatus capable of measuring intervals as 
small as a hundred-thousandth of a second. Rutherford also enjoyed 
meetings of the Science Society, founded in 1891, at which he pro- 
phetically discussed the Evolution of the Elements. He also presented 
a paper on electrical waves and oscillations, about which the minute-book 
records: 

The paper was very fully illustrated by experiments performed by 
Mr Rutherford. . .the most striking being a reproduction on a small 
scale of Tesla’s experiments on rapidly alternating currents. 

During his first term or so Rutherford shared rooms with Morris, 
in Montreal Street, Christchurch. W. S. Marris, now Sir William, 
was one of the greater lights of Canterbury College, and a con- 
temporary of Rutherford. He passed into the Indian Civil Service — 
first, with a large margin. He went to Christ Church, Oxford, holding 
an I.C.S. Scholarship. He had a distinguished career in India, becoming 
Governor of the United Provinces. Rutherford and Marris arc good 
evidence for the excellence of New Zealand education. 

Sir William Marris writes: 

Generally, I recall Rutherford as very modest, friendly but rather shy 
and rather vague — a man who had not yet found himself and was not 
then conscious of his extraordinary powers. 

I suppose that he read Physics for his B.A. but his strong suit was 
Mathematics. He was easily the best mathematics student in College. 
He and I were in a separate Honours class for three years — ^in fact we 
were the whole class and we got some intensive cultivation from 
Professor Cook. Rutherford was immensely the better man, but I 

believe we shared the yearly exhibition of twice if not three times 

The explanation is largely in the fact that Rutherford was nervy and 
excited in examinations, and also (I expect) that the exam, was based 
too largely on ‘ bookwork ’. The professor was very insistent on thorough 
bookwork and did not comprise enough of the testing problems which 
must have disclosed Rutherford’s superiority. 
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During his University days Rutherford used to coach students so 
that he might meet the expenses which exceeded his scholarship. Soon 
after going to College, he went to live with Mrs De Renzy Newton, 
a widow with four children. The eldest. Mazy, and Ernest later became 
deeply attached to one another. She spent many holidays with the 
Rutherfords, and they were unofficially engaged before he left for 
Cambridge; but their engagement was not announced till 1896. 

For a brief period Rutherford was a substitute master at the Boys’ 
High School, Christchurch, and like many young men he had, at first, 
two great difficulties — ^his teaching was beyond the powers of the boys 
and he had trouble in keeping good order in his classes. No doubt he 
would have overcome, as others do, these obstacles, but he was reserved 
for a kindlier fate. The Prince Consort had organised the Great Exhibi- 
tion of 1851; a large profit had been made, which was to be devoted 
to education. Scholarships were founded, with a view to bringing 
able men to British Universities and Rutherford was among the 
fortunate. 

When his mother came to tell him of his good fortune he was 
digging potatoes. He flimg away his spade with a laugh, exclaiming: 
“That’s the last potato I’ll dig.” 

Mr Evelyn Shaw, Secretary of the 1851 Royal Commission, has kindly 
extracted the facts of the award of a scholarship to Rutherford. There 
were two examinen, Prof. A. Gray, F.R.S., and Prof. J. E. Thorpe, 
the Government Chemist. Two candidates were presented by the 
University of New Zealand — ^Mr Maclaurin, who submitted a published 
paper on the ‘Treatment of Gold’, and Mr Ernest Rutherford whose 

work on Magnetism 

and Electricity”. 

Lk>ld won, as usual, and Maclaurin was placed first, but the examiners 
were so much impressed with Rutherford’s work that they urged the 
award of a second scholarship to him. The Board of Commissioners 
thought that such action would set a bad precedent and suggested that 
his name might be put forward in the ensuing year. At that time the 
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University of New 2 ^ealand received a nomination every other year* but 
had missed a year in 1894. In the meantime Maclaurin* who was married* 
had been offered an appointment, and so Rutherford was elected. 

J. C. Maclaurin became the New Zealand Dominion Analyst and 
did notable work in the development of the cyanide process for the 
separation of gold. 

A. W. Bickerton, Professor of Chemistry and Physics, commended 
Rutherford’s work in these words: 

Rutherford hl^ conducted long and important investigations into the 
time effects of electric and magnetic phenomena in rapidly alternating 
fields and by means of an ingenious apparatus of his own design was 
enabled to observe and measure phenomena occupying less than 
1/100,000 second. 

He continues: 

Mr Rutherford has great fertility of resource, a very full acquaintance 
with both the analytical and graphic methods of mathematics and a full 
knowledge of the recent advances in electrical science and methods of 
absolute measurement. Personally Mr Rutherford is of so kindly a 
disposition and so willing to help other students over their difficulties 
that he has endeared himself to all who have been brought into contact 
with him. We all most heartily wish him as successful a career in 
England as he has had in New Zealand. 



Ernest Riithcrfi)rd 

(Aged 2i) 



CHAPTER n 


RESJEARCH WORK AT CAMJBRIDGE 

WEen Rutkerford was starting from New Zealand to go to Cambridge 
hie had to borrow the money to pay for his passage. On his way to 
England he called at Adelaide University and saw Prof. W. H. Bragg. 
He called Bragg from a dark-room where he was trying to get a Hertz 
oscillator to work and enthusiastically showed him the magnetic 
detector that he was taking to jEngland. So there was a remarkable 
fourfold conjunction, Bragg, Rutherford, oscillator and detector. On 
arrival in London he paid the not unusual penalty of those who leave 
the good air of the sea for the evil substitute in the city and suffered 
from sore throat and neuralgia. 

Prof J. J, Thomson wrote from 6 Scroope Terrace, Cambridge, 
to Rutherford in London: 

24 Sept. 1895. I shall be very glad for you to work at the Cavendish 
Laboratory and will give you all the assistance I can. Though it is not 
absolutely necessary, I think you will find it advantageous to become a 
member of the Univernty. We have now instituted a degree for 
research so that anyone who resides for two years and does an original 
investigation, which receives the approval of the examiners, receives a 
degree; if he resides for one year and does the investigation he is given 
a diploma. If you could spare the time to come to Cambridge for a 
few hours, I should be glad to talk matters over with you; so much 
depends upon the requirements and intentions of a student that a 
personal interview is generally more efficacious than even a long corre- 
spondence. Ill case you decide to visit Cambridge, if you will let mfe 
Imow when to expect you, I will arrange to be at the Laboratory; if 
equally convenient to you, Mondays, Wednesdays or Fridays are the 
days I diould prefer, though just at present 1 could arrange for an 
interview on any day. I am mudi obliged to you for your paper, I hope 
to take an early opportunity of studying it. 
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Rutherford had sufiicicndy recovered from his indisposition to go to 
Cambridge, where he took a cab — ^the driver drove him to Cavendish 
College instead of the Cavendish Laboratory. 

However, Ruther ford was the first resea rch student to arrive at thfi 
Cavendish and to be welcomed warml y by Prof. J. J. Thomson, b est 
known to students3y Ks first two initials; and die next arrival was 
J. S. E. Townsend, now Wykeham Professor of Physics at Oxford. 
Although the senior members of the University accepted the new 
arrivals with enthusiasm, there were one or two demonstrators with 
the ancient prejudice that no good things can come from the Colonies. 
Rutherford told the writer that these men used to pass his door at the 
Laboratory with a snigger. He politely asked them in, and told them 
he was in some difficulties with his experiments and would be grateful 
for their help. They quickly realised that they had not the faintest idea 
of what he was doing, for his famous detector was then new and 
unknown. “After that, they gave me no more trouble; they had got 
on my nerves a bit.“ 

Rutherford’s fame spread quickly among the younger men at Cam- 
bridge and Dr Andrew Balfour, later of the Egyptian Government 
Medical Staff, writing of him at the time, said: “We’ve got a rabbit 
here from the Antipodes and he’s burrowing mighty deep.” 

It happens that we are fortunate enough to possess a most intimate 
knowledge of Rutherford in those days, not only from the letters that 
he wrote to his mother, but still more from those he wrote to Mary 
Newton, the girl to whom he was engaged, and whom he married 
a few years later. In reading these letten it must be remembered that 
he was more candid in them than in any other written record that he 
has left behind, that he was anxious to ‘make good’ as a young man 
coming to an old and famous University from the youngest of the 
Colonies, that he was anxious to make money so that he could marry 
the girl to whom he was writing, and above all, perhaps, that he was 
aflame with scientific curiosity and enthusiasm widi an unusual vision 
of the possibilities before him in the subject which he loved. 
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RUTHERFORD TO MARY NEWTON 

Cambridge: 3 Oct. 1895. I wrote my last letter about a week ago and 
have had* some vicissitudes since that time. On Thursday I woke up 
at 3 a.m. with a bad attack of neuralgia in the left side of the face and 
head. Had a pretty bad time of it all day, but went to a chemist and 
got some stuff that didn*t affect it. Next day I had an appointment to go 
and sec Thomson at Cambridge. I had recovered a good deal so went 
down by the express taking about an hour and a quarter to get there. The 
country is pretty enough but rather monotonous. I went to the Lab. 
and saw Thomson and had a good long talk with him. He is very 
pleasant in conversation and is not fossilized at all. As regards appearance 
he is a medium sized man, dark and quite youthful still: Shaves, very 
badly, and wears his hair rather long. His face is rather long and thin; 
has a good head and has a couple of vertical furrows just above his nose. 
We discussed matters in general and research work, and he seemed 
pleased with what I was going to do. He asked me up to lunch to 
Scroope Terrace where I saw his wife, a tall, dark woman, rather sallow 
in complexion, but very talkative and affable. Stayed an hour or so 
after diimer, and then went back to Town again. I have forgotten to 
mention the great thing I saw — the only boy of the house — 3 J years old — 
a sturdy youngster of Saxon appearance but the best httle kid I have 
seen for looks and size [G. P. Thomson, now Professor of Physics at the 
Imperial College and a Nobel Laureate]. Prof. J. J. is very fond of him 
and played about with him during lunch while Mrs J. J. apologised for 
the informahty. I like Mr and Mrs both very much. She tries to make 
me feel at home as much as possible, and he will talk about all sorts of 
subjects and not shop at all. On returning to London I paid for my trip 
by an extra powerful attack of neuralgia, and for the next three days 
I had a very bad time. It went to the left side of my head and I had a 
devil of a cold in left side of throat, so that I lay in bed a good part of the 
time on Friday, Saturday and Sunday— just going for a short walk in 
the afternoon. The servtmts were very kind and brought me anything 
I wanted to my rooms so that I had not much to complain of. On 
Monday, finding myself not much better, I went to a doctor and got 
a prescription and, whether due to Nature or the medicine, I was getting 
well again Tuesday, so that 1 went up to Cambridge with all my 
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Mrs Thomson had been very kind and looked me out some lodgings 
with a widow and gave me directions where to find her. They also 
asked me up to dinner in the evening which was expressly not a dress 
affair. Beside myself there was present a Miss Martin from Sydney 
University, who has been doing research work here last year but is 
going for a spell on the continent with her mother Lady Martin, and 
dso present a Mr Townsend, a young fellow graduate, of Dublin 
University, who didn’t get a fellowship he’d been working for and so 
came over to Cambridge to do some research work. As he has no 
friends here, he and I knock about together a good deal. I have now 
been in Cambridge for three days and have worked for two days in the 
Lab. I cannot pass an opinion about Cambridge, as I have not yet been 
about enough. The University term does not really begin till the loth 
but there are a lot of freshmen up just in for their ‘httlc go’. They arc 
mostly very young and innocent looking, and so a good many are 
attended by their papas and mamas the first few days. They knock 
about in cap and gown and one meets them everywhere. 

Now for a few remarks on my temporary lodgings for I have not yet 
settled my future movements. The place is in a street full of houses and 
is inhabited by an old lady of about 55. She has two rooms to let for 
10/- a term, the regulation price for such type of lodgings. Every- 
thing is so different as regards arrangements that I will go into particulars. 
Rent of bedroom and sittingroom 15/6 a week, coal and firewood 1/6, 
use of crockery 1/6. Besides that I pay for oil and all my own tucker, 
which she cooks. It is pretty expensive, the rent is so enormous, but 
I believe I am in an extremely moderate show. I will know at the end 
of the week about how much things moimt up to. Thomson wants me 
to go into residence for the reason that by a new regulation research 
degrees are offered to students (resident). At the end of the first year, if 
the thesis is approved by the examiner, one gets a diploma, at the end 
of the second year a degree (of B.A. of course) — ^if the thesis is again 
approved. Research students, if they reside, will be in the same position 
as the graduates of Cambridge and wiU dine with them. The expenses 
will however be rather high, I am afraid, unless they can be cut down 
considerably. I will know for certain in a week or so at any rate. For 
the present I will stay in these lodgings tOl I see my way dear. 

I have seen a good fisw of the colleges externally but I have not been 
through any of them yet, as I work all day in the Lab. I have now got 
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rid of the neuralgia, but not completely of its after effects. To judge by 
the odour, my head the last few days has been turned into a chemical 
foctory for sulphuretted hydrogen (you know the smell}. It is most 
disagreeable; but I suppose is a product of neuralgia. My cold is quite 
right and 1 am feeling in much better form now. London was about 
80 F. all day for the ten days I was there and was very oppressive. It has 
now sudd^y cooled down and is quite wintry, so that I have got on 
my thick things again; but the cool weather is much better for me. 
I suppose the sudden change from the sea upset my equilibrium a littlck 
Dawson says he was troubled in much the same way the first month in 
Edinburgh. It was lonely in London but I didn*t mind much as long as 
I could keep moving round. I saw a good deal, but don*t feel inclined 
to give a long dissertation.. . .1 have not yet seen Marris but have got 
a letter from him. You will know by this time he is top of the I.C.S. 
by over 1000 marks — a very big thing indeed. He is going to Oxford 

for a year and I hope to see him before long So much for my news 

and don’t imagine from my discursion on my health that I am not 
alright. 1 am recovering my normal state rapidly and will soon be at 
work pretty hard, as I don’t intend to waste time. I am not going to do 
much bookwork and so should keep in good form. It is of course a bit 

strange at first with all one’s friends across the sea My success here 

will probably depend entirely on the research work I do. If I manage 
to do some good things, Thomson would probably be able to do 
soqiething for me. I am very glad I came to Cambridge. I admire 
Thomson quite as much as I thought 1 would, which is saying a good 
deal. They have both been very kind to me, as you may judge from 
what I have written. 


Trinity College: 20 Oct, 1895. . . .1 have at last crossed the Rubicon and 
am now a regular undergraduate, or rather graduate of the University. 
1 have been waiting for the last fortnight to see what allowances they 
would make for research students, as this is the first term the regulations 
have come into force. J. J. Thomson looked after our interests and 
obtained a substantial reduction in fees, and, as he strongly advised me 
to join a college, I at last decided to do so. He wished me to join Trinity, 
whidi is his own college and also the best as well as the dearest in the 
university. It will not however make much difference to me which 
college I join, and Thomson seemed to think I would probably be able 

Bia 2 
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to command more influence from the people of Trinity than from any 
other college. Townsend and I went on Saturday and saw the Tutor 
Mr Ball — a very courteous and aflable man — and he gave us all the 
details of what has to be done. Unless we joined on Monday we would 
lose this term, so this morning, which is die general matriculation day, 
as it is called, I went and got a cap and gown before 8.30. Research 
students wear a B.A. gown without strings. At 8.30 all the freshmen of 
Trinity, about 200 in number, assembled in the Hall, had our names 
read out and then trooped off to the Senate House, where we had to 
sign our name in a book kept for the purpose. By 10 o’clock I was 
formally initiated and then had to pay ^5 matriculation fee, and £1$ 
caution money to be returned at the conclusion of the University course. 
Today has been the general matric. day and more than 2000 freshers 

have been enrolled The expense of joining a college will not be 

much more than if I were a non-collegiate student for I shall stay in the 
lodgings where I am but can turn up to dinner when I like and only 
pay when I do so. The great advantage of joining a college is of course 
the number of men you come to know and the social life which as a 
non-coU. you would miss entirely. Thomson very strongly advised me 
to join and reckoned the extra expense would be not thrown away in 
the time to come. So far I have knocked round with Townsend a good 
deal. I told you I got a letter of introduction from Love of Melbourne 
to his brother at St John’s, who is a lecturer there and a very noted man, 
an F.R.S., etc. He is a great authority on Elasticity and is a very 
prominent man in his line. I have heard indirectly that Mrs Love, 
mother of the above, has been enquiring whether I have arrived, so 
I will have to present myself the next day or two. I am not going to be 
backward in the ordinary social life. If I can do it cheaply, it will 
probably be more use to me than anything else. Have been working 

steadily in the Laboratory but have nothing very definite done yet 

The univ. here takes a tremendous amount of care of the undergrad — 

Trinity College: 28 Nov. 1895. You have heard me talk of the Physical 
Society, J. J.’s pet society. Well, he has asked me to give an account of 
some of my work before it, and I am to occupy the whole meeting. 

I am to show some experiments for the interest of the vulgar. Usually 
it is only wellknown people, Profi. and such like, who shine before the 
society, $0 1 appreciate the honour of being asked. It is my chance of 
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getting a little lift up on the scientific ladder, and I intend to make as 
good use of it as possible. Among so many scientific bugs knocking 
about one has a litde difficulty in rising to the front, and naturally 1 am 
very pleased at having the opportunity of asserting myself. You 
mustn't think I am egotistical in talking like this, but the sooner I rise up 
the sooner I will get a decent appointment and the sooner. ... A great 
thing about it is diat it is a sign J. J. thinks a fair amount of my work, 
and if one gets a man like J. J. to back one up, one is pretty safe to get 
any position for which he will put himself out to aid you. (What a 
change of pronouns !) 

8 Dec. 1895. . . .In my last letter I told you that J. J. had asked me to 
give an account of my work at the Physical Society. I am the first 
member of the Cavendish who has given an original paper before it, so 
I may consider the honour is greater than I can bear — Instead of taking 
only part of the time, J. J. stuck the following announcement on the 
notice board “ A method of measuring waves along wires and determina- 
tion of their period", with experiments by E. Rutherford, and left me 
to fill up the whole time. The term ‘with experiments* rather knocked 
me sideways, but I went to work and rigged up a good few interesting 
experiments, which all came off very well. I had quite a distinguished 
audience including J. J. and Mrs J, J. and several other ladies — Sir G. 
Stokes — a good few lecturers and demonstrators besides the usual 
vulgar herd. I think the paper was quite a success and J. J. was pretty 
pleased, I think. No one but myself made any remarks, as it was rather 
beyond most of them. I really had to give a lecture and did not read 
anything at all. My friends all reckoned I did very well indeed, so I 
suppose I may consider it a success. Mrs J. J. in speaking to me after- 
wards complimented me rather neatly in a way (which of course I took 
at a proper valuation, cum grano salis) that struck me as decidedly good, 
“You kept us ladies very interested indeed, and I am sure it was 
sufficiently deep for the more scientific members of the society**, or 
words to that ^ect. . .a very i propos way of conveying a neat com- 
pliment. 

As I have got along very well so far, I hope to continue. I am at 
present investigating a new detector I have for electrical waves of high 
period and find it works very well — These detectors are even more 
sensitive than I thought, I believe they will be far and away the best 
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metrical detector for electrical waves. The best method used before 
will only show the effect for a couple of yards but I can get quite a large 
effect at twenty yards. J. J. is very interested and comes round very 
often and gives what help he can. By the way I have not told you that 
I will be publishing some of my work before long. I spoke to J. J. about 
it and he said I had better send it to the Royal Society. As only the best 
papers, or at any rate the papers of eminent men, are chiefly found there, 
I have nothing to complain of. As a matter of fact very few papers are 
recommended by Thomson for the Royal Society. I must apologise for 
the amount of ego that fills this letter, but human nature will out, you 
know — I know you will be interested in the “vain outpourings of an 
idle mind”. I have been working very hard lately and intend to keep on 
till within a few days of Xmas when hey presto — ^and I am in Edinburgh 
among friends I hope. Most of the undergrads have gone down and 
only the workers are at College so the town seems a htde empty. 
Townsend, my particular friend at present, is going up to his cousins 

at Yorkshire for Xmas I don’t know whether I have described him 

to you. Imagine a middle-sized man, very fair hair rather scanty on top, 
very fair moustache and a true Irish complexion and a merry blue eye — 
rather good features and a very pleasant appearance altogether. He is a 
very fine mathematician and is a good deal of assistance to me in that 
way. I think it probable he and I will research together on abstruse 
subjects next term, for in some of the work I am doing, it is very 
difficult for me to do all without assistance. 

As to his new detector, Rutherford described it himself, much later 
{1910), in chapter vi of the History of the Cavendish Laboratory, 

By using very fine magnetised steel wires surrounded by a fine solenoid, 
the demagnetising property proved a very sensitive quantitative method 
for detecting electric^ waves. Using large Hertzian vibrators, the 
electrical waves emitted were observed by means of the magnetic 
detector for a distance of about half a mile. These experiments were made 
before Marconi began his well-known investigations on signalling by 
electrical waves. This effect of electric oscillations of altering the 
magnetism of iron is the basis of the magnetic ‘detectors* developed by 
Marconi and others, which have proved one of the most sensitive and 
reliable of receivers in radiotelegraphy. 
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The original Rutherford detector is preserved and revered in the 
Cavendish Laboratory. 

There is one point in his letter of 8 December which docs not accord 
well with some statements in the previous chapter, for in the letter he 
claims ‘T can get quite a large effect at twenty yards”, as though this 
result was obtained for the first time in Cambridge, not New Zealand. 

In order to form a clear picture of Rutherford’s early success with 
wireless, you have to think of the transmitter, consisting of two large 
metal plates, side by side and in the same plane, with two short metal 
rods protruding from them and ending in polished brass knobs about 
half an inch or so apart. These were ‘excited* so that sparks passed 
between the knobs, no matter whether by an induction coil or by an 
electrostatic machine, so long as there was a fairly steady shower of 
sp.arks, each of which caused electricity to swing to-and-fro between the 
plates, perhaps a few million times a second. It will be noted that this was 
the same scheme that Hertz used, and such an oscillator sends out electric os- 
cillations into space, or into the ether — ^whichever term one prefers to use. 

Half-a-mile away, with houses in between, was Rutherford with his 
receiver, made of two metal rods in line, each two feet long; joining 
their near ends was a fine wire going round a small coil wound about 
a minute bundle of fine magnetised steel wires. When a signal came, 
the needles lost their magnetism and this was easily shown by the 
deflection of a mirror with a htde magnet behind it 

In this way Rutherford proved that the electromagnetic waves 
travelled from the transmitter to the receiver for a distance of half 
a mile or so, and through brick walls if they were in the way. This 
result gready interested, but did not surprise him, though it certainly 
amazed many who saw his experiments. 

He evidendy guessed at future and further possibilities, but was 
ready to turn aside to other more interesting scientific problems. It 
was lucky diat he did so, for otherwise he might have become an 
electrical engineer radier than the physicist who was destined to unravel 
some of the chief mysteries of Mature. 
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RUTHERFORD TO HIS MOTHER 

1895. I have been for several walks six miles or more from Cambridge 
in various directions. One comes across some very old villages with 
mud or stone houses, thatched and very dilapidated, but picturesque. 
The great difference one observes is the amount of cultivation one sees 
around; turnips etc., seem to be growing everywhere for the cattle and 
sheep. 

As I have been working pretty steadily at the laboratory I have got 
about little except on Sundays. My study is a pretty comfortable one 
and I have various photos, Christchurch views adorn various parts of 
the room. 

Today has been wet and cold, but I have had quite a gala day. In the 
afternoon the Cavendish Society met, which is composed of a few of 
those interested in science. Two papers were read — one by a Mr Griffiths 
and another by Miss Marshall. The latter is doing a lot of experimental 
work with Professor Ramsay, the great chemistry man. 

At a second meeting of the Cavendish Society Professor Ewing gave 
a Uttlc sketch of an instrument of his. Y ou remember Ewing’s magnetism 
which I used to set so much store by? — ^he is the author. . . . 

My own research work is progressing satisfactorily, but is pretty slow, 
of course. Thomson, I think, considers my work original and interesting, 
for when Lord Kelvin came to the laboratory here he told one of the 
demonstrators he wished he had been taken to sec my work. 

I work on the third floor of the laboratory and have a few fellows in 
adjoining rooms for company. The place is heated throughout with 
hot-water pipes and is quite warm all day long. The more I see of the 
laboratory the better pleased I am with it, for, although it is not as well 
fitted up as I expected, it has a fine collection of instruments. 

RUTHERFORD TO MARY NEWTON 

Cambridge: 15 Jan. 1896. . . .1 only saw the sun once in Edinburgh. 
My landlady had everything ready for me when I came back, so I soon 
felt at home again. I started to work at once in the Lab. on my electric 
waves and made my first experiment on long distance transmission of 
signals without wires. I set up the vibrator in the ProF s room at the 
Cavendish and my detector a 100 yards away in Prof. Ewing’s Lab. and 
got quite a large effect through that distance, traversing three thick 
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walls by the way. The Prof, wishes me to continue at the work and 
see how far I can detect the waves, so I have been working lately to try 
and find the best conditions of sensitiveness of my detectors. I have 
every reason to hope that I may be able to signal miles, without con- 
nections, before I have finished. The reason I am so keen on tiie subject 
is because of its practical importance. If I could get an appreciable effect 
at 10 miles I would probably be able to make a considerable amount of 
money out of it, for it would be of great service to connect lighthouses 
and lightships to the shore, so that signals could be sent any time. It is 
only in an embryonic state at present, but, if my next week’s experiments 
come out as well as I anticipate, I see a chance of making cash rapidly in 
the future. I cannot say I am exaedy optimistic over the matter, but 

I have considerable hopes of being able to push it a good long distance 

I remarked before that J. J. is very interested in my work and makes all 
sorts of suggestions to help me in getting a clear space for signalling. 
My next experiment will be, I think, from the tower of the Cavendish 

to St John’s tower nearly half a mile away Townsend, my special 

friend, has not been successful so far in research, but J. J. has appointed 
him part-time demonstrator which is very good indeed. I could be 
offered a similar position, only my schol. will not allow me to do so. 
If I keep on as I am going, there will be no difficulty in getting enough 
to keep me here even if my schol. is not continued. Townsend and I have 
placed the Research Student on a pinnacle of honour. I by my paper 
and work on waves, and T. by being appointed a demonstrator after 
three months here. The three demonstrators are all extremely friendly 
now they see we have made a strong position for ourselves and I grimly 
rejoice for they did not take any notice of us the first two months 
although they knew we were strangers and had no fiiends in Cambridge. 
My paper before the Physical Society was a heavy blow to their assumed 
superiority, and now they all offer to help us in any way they can and 
tell me confidentially about their own httle researches — so wags the 
world. 

25 Jan, 1 896. This letter will deal with a dinner which I s^ttended tonight, 
which seems so unreal to me at present, that I had better put my 
impressions down before they fade. I know you will be interested in 
these somewhat trivial descriptions as you consider social intercourse a 
thing that I sadly lack, but verily 1 have been plunging deeply lately. 
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But to lead up gradually to my discourse. My friend Townsend knows 

Sir Rol^ert Ball Well ! Sir R. developed a tremendous interest in my 

experiments on the detection of electric waves for long distances and 
must needs make an appointment to come down to the Lab. and see the 
effect and apparatus in general. He turned up one morning and I 
showed him how easily I could detect a wave through half a dozen 
walls and rooms, and he was very much interested. He is specially keen 
on it, as he thinks that experiments of the nature I am doing, will solve 
the difficulty of lighthouses in times of fog, when the light docs not 
penetrate any distance. His idea is to fix up a vibrator in a lighthouse, 
and as a fog docs not stop an electric wave a suitable detector on board 
a vessel should tell her when she is within say a couple of miles of a 
lighthouse. Of course the arrangement would be very useful for 
signalling at sea at night between vessels, and informing each other of 
their close proximity in times of fog. Sir Robert wanted to know about 
the whole matter, and ended by asking Townsend and myself to dinner 
at King’s College tonight. He is an honorary Fellow of King’s and of 
course you know what a name he has made in astronomy. We turned 
up in cap and gown at 7 p.m. and first of all met Sir Robert and all the 
Fellows in the Combination Room, as it is called. I was introduced to 
those whom he considered most interesting from my point of view, and 
he spoke of me in such flattering terms that I felt inclined to disappear 
out of sight. However I recovered my normal modesty and walked into 
Hall widi Sir Robert marshalling me in front as an honoured guest. 
The 150 students of King’s and the Fellows all dine in the large Hall 
together. The Fellows, i.e, all the professors and lecturers, etc., of the 
College dine at a separate table at the top of the room. All the students 
stood up as we entered and naturally they all wanted to know what in 
the deuce a youngster like me was doing among the Fellows. To add to 
the shock which I had already suffered I was* placed in the position of 
honour at the table, on the right of the Provost as he is called. Grace was 
said, and diimer was served. Conversation was kept up pretty well, but 
the Provost [Augustus Austen Leigh] himself had an impediment in his 
speech and was not particularly brilliant. I was able, however, to keep 
up a conversation with some interesting men on the other side of the 
table. I really felt a great deal like an ass in a lion’s skin after the way 
I was treated, for I did not sec what I had done to be one of those whom 
“Ac icing delightcA to honour” but Sir Robert Ball’s remarb had 
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evidently fallen on good ground, for I was looked upon as a scientific 
expert. Dinner lasted just an hour at the Fellows’ table, and dien we all 
retired to the Combination Room, and, after a little desultory talk, all 
sat down at a long table and chestnuts and cakes were placed on the 
table as well as wine and cigars. Conversation was very interesting and 
all the men were of course more or less famous in various branches, 
and their conversation was worth listening to. Here again I was seated 
alongside Sir George Humphry, a great medical man about seventy-five, 
although he looks much younger, and we had an interesting chat on 
various topics. I was sandwiched between Sir G. Humphry and Sir R. 
Ball and tried to look as dignified as the circumstances permitted and 
really felt at case notwithstanding my usual shyness or rather self- 
consciousness. 

Seated opposite to me was a Mr Browning — a lecturer at King’s — 
and he made himself very agreeable. He seemed an extremely well 
informed man — in appearance he was a good deal like the typical John 
Bull one so often sees in Punch. He evidently knew such men as 
Goschen and Chamberlain personally very well, so I thought he must 
be rather a prominent character. In die course of conversation he asked 
me to lunch tomorrow, where of course I am going. I believe he has the 
most beautiful set of rooms in King’s and is a very clever man as well 
as a good conversationalist. Excuse the way I put the above. It reminds 
me a good deal of Boyle — you remember? “He was the Father of 
Chemistry and Brother to the Earl of Cork.” 

About 10 o’clock we rose to leave the Combination Room and a 
Professor Oldham — ^Professor of Geography — asked us to his rooms 
where we stayed half an hour telling stories. Sir Robert has a true Irish 
sense of humour and tells a yam well. I have not yet described him to 
you and find it rather difficult. He is a man about forty-five, thickset, 
with a red face of large dimensions, and a most humorous quizzical look. 
He is a true Irishman and has the gift of the brogue when he likes. I got 
back to my rooms ai^r ii and wondered whether all had been real, or 
whether I had been a tin god for a time. I felt such an impostor 
masquerading before the learning of King’s, but it a good thing my 
modesty docs not allow me to take all the above as my right. 

It has really been a very eventful evening to me, both as regards the 
people I met and the general impression I have received of the life of 
these &iars of learning, for really the system of dining in hall is a relic 
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of the time of die old monasteries which has been kept intact to the 
present day. Some of the men I met at dinner strike one as very capable, 
especially in their conversation, and it is a pity so many of them fossilise 
as it were in Cambridge, and are not that use in the world they might 
be. 

. . .The Professor has been very busy lately over the new method of 
photography discovered by Professor Rontgen and gives a paper on it 
on Monday to which of course I will go. I have seen all the photographs 
that have been got so far. One of a frog is very good. It outlines the 
general figure and shows all the bones inside very distinedy. The 
Professor of course is trying to find out the real cause and nature of the 
waves, and the great object is to find the theory of the matter before 
anyone else, for nearly every Professor in Europe is now on the 
warpath. ... 

Sunday, . . .1 went out to lunch with Mr Browning who is a History 
lecturer. There were three others present besides myself mosdy of the 
very young type. One young fellow Goldsmid by name, and a Jew, 
has just come into a fortune of ^30,000 a year. A Howard of Howard 
Casde was also present and seemed a very intelligent type. Conversation 
was very shoppy and I was very glad to get away. Browning is quite 
a character here. He is a bit snobby. From what I have heard he 
professes to know all the people worth knowing in Europe. It is a 
common yam about him that he said “The German Emperor was about 
the pleasantest emperor he had met”, which is I should judge quite 
characteristic of him. His rooms were very fine and he has a very good 
library of which he is very proud. 

RUTHERFORD TO MRS NEWTON 

6 Feb, 1896. I was working the other day at the top of the Lab. when 
Murray came up and told me an old man was waiting to see me down 
below. I was very surprised to fiind Sir G. Humphry awaiting me. 
I mentioned having met him at the dinner at King’s the other Saturday. 
He came to ask Townsend and me to dinner on Sunday at 7.30 with his 
family circle. It seems he had written to me before, but had misdirected 
the letter, so he came to deliver the invitation in person. It is very 
decent of him to ask me to dinner at the very slight acquaintance 
with me. 
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RUTHERFORD TO MARY NEWTON 

Trinity College: 21 Feb, i8<)6. , . .1 have had a little dissipation lately. 
You will remember my description of the dinner at King’s and the 
great time I had there. In your mother’s letter I have given a short 
account of the dinner at Sir George Humphry’s: my dissipations in 
high life I keep to myself and don’t tell my friends, as it wouldn’t do 
at all. The cause of this sudden boom of the Research Student is due to 
the talk of Sir R. Ball on the subject of my wave-detector, which I 
believe he enthuses over whenever he gets the chance. What excessive 
virtue he sees in it I can’t comprehend, but I can’t stop a man from 
thinking absurdly on matters. He reckons the work I have done shows 
the wisdom of the University in providing for research students and the 
fame of Townsend and me has travelled to all the colleges, so that they 
are all opening their doors in their anxiety to welcome the research 
student of which we are the first examples. J. J. I believe openly declares 
that the new Research Students are a great success, and as I am at present 
the most prominent in that respea, I take a little of the praise unto 
myself. The more I boom of course the better it will be for me, for 
verily I must do something somehow, and verily the better it will be 
for thee since my fortunes are thy fortunes ! The air here is full of the 

new photography, till I myself feel rather tired with it The meeting 

in the Physical Society today was on this subject, but as I had on my 
Lab. clothes and was unshaven (for verily I have not the inducement to 
keep smooth I once had) I discreetly did not go down to the front for 
tea but paid my devoirs to Mrs J. J. afterwards. J. J.’s experiments did 
not go off very well in the lecture, so he got a bit mad, and made those 
sit up who asked silly questions. I was too wise to do so, but some 
fellows think they show their smartness by asking questions, whether 
he had tried this, and that, and so on, and J. J.’s dander rose and he 
turned the laugh against them most skilfully — ^whereat I rejoiced, for 
many of them are my enemies. I am of the opinion that the demon- 
strators regard the research students here with very litde favour and 
try and put litde obstacles in our path, but verily we risp superior to their 
machinations and they gnash their teeth with envy. There is one 
demonstrator on whose chest I should like to dance a Maori war-dance, 
and which I will do in the future if things don’t mend. Adieu for the 
present to these warlike fancies, but the fiict is my dander rose today and 
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I have not yet quite recovered. The man, from whom I was to get my 
cells for my midnight excursion, failed me at the last moment, and I, 
whose temper is on ordinary occasions most angelic, gave way to my 
feelings and did some tall talking for a few moments. ... I am going to 
try my experiments tomorrow night on the Common. I hope they will 
turn out successfully. Townsend and McClelland are going to assist me. 
I am to use Townsend’s room for my detector and go across the Common 
about half a mile with my vibrator and accessories. I will leave this 
letter open till tomorrow so that I may add particulars. . . .My experi- 
ment came off tonight and was rather unfortunate. I am writing this 
tonight about i o’clock just after my return from the expedition. I fixed 
up the receiver in T’s room at 6.30 in the evening, and had arranged for 
two men to come at 7.30 to take the apparatus on to the Common with 
a small go-cart. I waited till 8, and they did not arrive, and then I went 
and hunted round for the firm who had got the men for me, hunted up 
a clerk, who found that the pumpkinhead, to whom I had given the 
order, had put time down at 7 instead of 7.30. The m^had come, 
waited and gone, and I did not know of it. However we hunted up two 
men from the street, got a hand-cart and got started about 9.15, instead 
of 7.30. We got the things ready and set them up at 500 yards at which 
distance I anticipated a good large effect, but we could not get a sign. 
We tried different distances up to 100 yards and not a sign. I knew then 
the internal economy of my detector had gone wrong at the critical 
moment for I had tried 100 yards with the same detector before and 
had got a large effect. This detector I had arranged in a specially sensitive 
method, so when it had gone wrong somewhere I had nothing to replace 
it. However I had another rough detector handy and on trying that we 
got a large effect up to 350 yards. We did not try any further as it was 
getting very late, and I had to take the apparatus back to the Lab. before 
11.30. So we hurried back, and got clear about 11.45. I was very tired, 
as I had been running about from 6 to 12 and feel very much like 
bed now. 

It is a pity my detector went wrong at the critical time. I had tried it 
in the afternoon and it was all right but one of the wires had evidently 
got broken somewhere inside. I may try the experiment again under 
more favourable conditions and am certain in my own mind I could 
get an effect up to a mile easily. My fnends were very disappointed at 
fint, but they rgoiced when ^ey saw it was evidently due to a break 



lS9<$] CAVENDISH CONVERSAZIONE 29 

in the detector. They both worked hke Britons, and I could not have 
done without them. 

29 Feb, 1896, When I left oflflast time I had just been out on the Common 
trying to detect waves at long distance. The next day I tried and got an 
e£[ect £rom the Lab. to Townsend’s diggings a distance of over half a 
mile through solid stone houses all the way. The Professor is exceedingly 
interested in the results, and I am at present very useful when he is 
writing to various scientific pots as he can mention what his students 
are doing at the Lab. Some good startling effects with waves suit him 
down to the ground. The morning after my midnight excursion, Sir 
R. Ball came down to see how I got along. He called in the other day 
and told me I could make use of the Observatory which is about a mile 
out of town, if I wanted to try some more long distance experiments. 
It is a very good offer and I will probably go up there before long. I am 
at present trying to clear up some of the work I have in hand in order 
to get ready for pubUcation. J. J. told me he had written to Lord Kelvin 
about my work, and he had been very much interested in it. I hope to 
see the old fellow before his days are done, as he is very old now, 

although he is still very active and works away as hard as ever it seems 

I have sent a couple of the new photographs home to Taranaki — one of 
a firog, one of a hand, both taken at the Lab. I am sorry I can’t send you 
some, but these things arc rather expensive and I have to be careful of 
the bawbees these days. 

The new buildings at the Cavendish were opened with a conversazione 
and among many other exhibits there were: 

29. Mr W. N. Shaw (Emmanuel). 

Experiments on the Formation of Clouds. 

Pneumatic Analogue of the Potentiometer, and 

Experiment in Ventilation. 

30. Mr E. Rutherford (Trinity). 

Experiments with Hertzian Waves. 

31. Mr Hutchinson (Pembroke). 

Experimoits 'with Rontgea’s rays. 
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RUTHBRFORB TO MARY NEWTON 

Cambridge: 15 March 1896. . . .The great event of the last few weeks 
has come and gone, and was a very great success — the Science Con- 
versazione at the Cavendish Lab. I told you it was to be a very big affair 
and no pains or expense was spared to make the thing a success. From 
the entrance to the Free School Lane to the Lab., about 60 yards, was 
covered in with an awning and Hghted with glow lamps, and carpet 
laid down. Inside the Lab. itself carpet was laid down all over the 
staircases and everything was prettily hghted up. The new room where 
the guests were received had the usual display of biological, geological 
and physiological apparatus besides the physical experiments, but it did 
not look anything like as well as the big Canterbury College Hall on a 
similar occasion. The demonstrators presented MrsJ. J. with a bouquet 
for the evening, which she held in her hand while receiving her guests. 
At 8.30, people began to arrive in great numbers, and soon the place was 
pretty well filled up. There were between seven and iSight hundred 
present, all more or less the very select part of Cambridge Society. I was 
one of the stewards and wore a pretty favour of blue and pink. I had 
my new dress suit for the occasion, wherein I felt more at home, not to 
say at ease, than in my old ones. I think it was about time I went in for 
a new suit, on account of reaching the limits of elasticity. Mrs J. J. 
looked very well and was dressed very swagger and made a very fine 
hostess. J. J. himself wandered round looking very happy and grinning 
at everybody and everything in his own inimitable way. We first of all 
wandered round and had a look at the show generally, and I then 
proceeded to show my experiment to anyone who so desijred. I had 
my vibrator in one room and my own special receiver in a room 
40 yards away with five solid walls in between, and showed quite a large 
effect at that distance. Some people were very interested and reckoned 
it was the thing worth seeing in the Lab. I had quite a large number of 
distinguished people who came to sec it and were very keen over it, 
including Sir George Stokes, Sir Robert Ball, Professor Vernon Boys 
and a good few other pots whom I did not know by name. Sir R. Ball 
^as going round expounding the merits of the same in great style and 
some of the ladies who came round were tremendously interested or 
professed to be. Townsend assisted me and we both took turns at 
explaining and wmrking the vibrator. My part went ofi* very well, so 
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I have nothing to complain of. In the morning before the conversazione 
Ato J. J. brought her mother Lady Paget to see the experiment, and I had 
to explain everything minutely. Lady Paget is a very active old lady 
who travels about a good deal. Mrs J. J. seems to have got an absurd 
idea about my experiments and is nearly as good an advertiser as Sir 
R. Ball. Mrs J. J. told anyone she got a chance, that they must go to see 
the wonderful experiment of Mr Rutherford and it was the only new 
thing being shown that night. It is lucky I am of a modest disposition, 
but these things don’t affect me in the way you might expect. I really 
think Mrs J. J. regards me with considerable favour for several reasons. 
She always introduces me as Mr. . .who has come all the way from 
New Zealand. I think she appreciates the compliment to her husband 
by my coming straight from New Zealand to the Cavendish. . . .1 think 
I have mentioned Mr Wilberforce, one of the head demonstrators at 
the Cavendish. He is a very decent fellow, and a married man to boot, 
and his wife asked us round, so Townsend and I made a call. Conversa- 
tion was rather slack.. . .Mrs Routh came in just as we were going and 
enquired very affectionately about me. She is rather of the gushing type 
is Mrs Routh, but makes a very good one at conversation. Tonight 
I went to dine with Hutchinson, Ph.D., Fellow of Pembroke. I dined 
at the Fellows’ table, there were only four besides myself as several had 
gone down. Hutchinson is a chemist chiefly, and is a smart fellow, in 
appearance tall and thin with rather sharp sallow features. 1 went to the 
Combination Room after dinner, then into the rooms of Prior — the 
Senior Tutor — ^and afterwards to Hutchinson’s own rooms and left 
about 10.30. He is very interested over the Rontgen photography and 
is working a good deal at it at present. 

30 March 1896. ... I think I told you I was going for my vacation with 
Maclaurin and some friends to Lowestoft. . .our party consists of five 
fellows, two Afrikanders, one Armenian, and two New Zealanders 
which is just a htde mixed as regards nationality. The two Cape men are 
De Villien and De Waal who are both studying Law hete to go back 
to the Cape. De ViUiers, as you may judge from his name, is descended 
from a mixture of a Huguenot and E^tch, but at present is more Dutch 
than French. He can speak Dutch as well as English. His pater is what 
corresponds to a parson in England and is a member of the Cape House 
of Representatives. He is a young fellow about 21 and has been very 
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successful $0 far in his Law exams. The other Afrikander is De Waal. . . a 
broad shouldered good tempered fellow sunburnt and pretty dark. His 

pater is also a member of the House of Representatives De Waal and 

De ViUiers are both very much in favour of the Dutch element in the 
Cape and of course are very hard against Jameson in stirring up the 
Dutch against the English. So much for my companions. We arc very 
comfortably setded in a house facing the sea, and live very comfortably 
for about 30/- a week. . . . We all lead a very lazy and happy life, going 
for walks and riding on bikes when the weather is fine, 

Cambridge: lo April 1896. I have just returned to Cambridge from 
Lowestoft, and have spent the morning visiting the shops and dressing 
as I went along, for I left most of my wardrobe at Lowestoft and it will 
not arrive till later. The most interesting subject to me at present is the 
great bicycle ride we made yesterday, from the effects of which I am 
not quite recovered, as I am still a litde stiff, though i^ot nearly so tired 
as I expected. The distance traversed was 90 mdes. We had very fine 
weather, and left Lowestoft at 6.30, leaving Maclaurin behind to come 
today with the luggage of all of us. Unfortunately we had a head wind 
aU the way, which made the work much harder. We went straight on 
for the first 40 miles to Bottesdale, and, as the wind was very strong for 
the 10 miles before that, we were all completely knocked out of time 
when we got there. De Waal, a big strong beggar in good training, 
was more knocked up than any of us. The reason of our sudden collapse 
was very obvious after consideration. We had a rather small breakfast, 
and should have had something to eat after the first 20 miles, however, 
I will be much wiser in the future. At Bottesdale we had a heavy dinner 
(at 11.30 this was) and De Waal who was in a rather bad way, slept for 
a couple of hours while De ViUicrs and I loafed about a bit till 1.30, 
when we all set off again in pretty good trim, and arrived at Bury 
St. Edmunds at 3.30, where we had a small tea. We passed the ruins of 
the Abbey, but I am going there for a spin some Sunday and will have 
a good look round. At about 4.30 we set off for Newmarket, and had 
another tea there, and then on to Cambridge another 14 miles, arriving 
there about 7.30 in pretty good form and not specially dred—thus ending 
a big day’s tide of 90 iniles. My first consideration was a warm bath, 
when 1 went down to tea in rather a light costume — ^my landlady 
discreetly not observix^ the same, and read the newspaper and turned in 
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at 10. I felt a good deal like getting up at 6.30 but stuck in dll S, and 
loafed round this morning getting studs, braces, boots, etc. in order to 
appear fairly respectable as I left all my things at Lowestoft. Spring is 
just coming on here, the trees are beginning to bud, and I expect in 
anodier fortnight all nature will be smiling and gay. 1 was nearly three 
weeks at Lowestoft altogether, and had a pretty good time--quite lazy 
enough even for me. My usual routine was to rise at 7.30, when we 
slipped on pants and coat and went down to the sea and had a morning 
dip much to the wonder of everyone abroad at the time. We had some 
rather interesting times over the bathing. The first morning we went in, 
in front of our diggings, dressed ett rhgle. A policeman came next 
morning saying he had been specially sent by the superintendent to tell 
us to go further down, as one of the landladies in the neighbourhood 
had objected. After two mornings a bit further down the beach, another 
policeman gave us the hint to move still further down, as another modest 
female had raised objections. So we finally had to walk about 1/3 mile 
to get a dip in the tide. It was pretty cold of course, but one felt in 
pretty good trim after it. The alarming modesty of the British female 
is most remarkable — especially the spinster, but I must record to the 
credit of those who were staying there, that a party of four girls used to 
regularly do the Esplanade at the same hour as we took our dips and 
generally managed to pass us returning, but we were of course in 
eminendy respectable attire by that time. So much for that portion 
of the programme. At 8.30 we had breakfast, i p.m. lunch, 6 p.m. 
dinner. Oh, how we did eat. The day was usually spent loafing about 
the beach, bicycling, sailing out on the Broads, where we tried our best 
to sec how near we could go without capsizing, for it was safe enough 
even if anything happened, for boats were all about. We went out for 
a drive twice, and dangled our legs out behind in the usual holiday 
fashion, and played the goat generally. I managed however to do a 
certain amount of work in the Maths, line and didn’t read many novels 
during the last fortnight.. . .The characteristic of the country round 
Lowestoft is the Broads or inland lakes, which lie near the shore. Small 


boats ply thereon and look very pretty with green fields all round. 


24 April 1896, ...From Erskine’s letter I should fliink he would, 
probably not come to Cambric^e. It is very expensive, of that there is 
no manner of doubt. My £150 won’t keep me going by any means 
Blft 3 
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and 1 do f^gs on as economical a basis as possible. Everything is about 
as dear as it can be, as they pile it up on all sides for the students. I hope 
however that I will be able to make k little extra cash to keep me going 
for some time to come yet. In order to do that, I told J. J. I was out*^ 
running my allowance and asked if I could get any ‘pups * as people who 
get coached are called. He volunteered to do what he could, so at 
present I have one pupil for three hours a week, and may get one or two 
more. You must not smile at my very modest number, compared with 
days of yore, for coaching in Cambridge pays, which is more than it 
did at Christchurch. For seven, weeks coaching at three hours per week 
I get fy which is about 9/- per hour — ^not so bad you know. That is 
the regular fee in Cambridge for all coaching, so if I could get half a 
dozen men for three terms I could nearly make a living for one, if not 
for two. I hope to make j^oth efi 4 ^ meet somehow, but I must expect 

to dub out my first year My scientific work at present is progressing 

slowly. I am working with the Professor this ^rm on Rontgen 
Rays. I am a little full up of my old subject and am glad of a change. 
I expect it will be a good thing for me to work with the Professor for a 
time. I have done one research to show I can work by mysdf. The 
Professor has an assistant Everett, a very smart manipulator and supposed 
to be the best glass blower in England. He fixes everything up and helps 
generally but of course doesn’t understand the theory very much. I 
generally turn up at 10, and the Professor comes in from 12 to 1.30. 
I then start at 2.30, and continue till 6.30, the Professor coming in at 
4 or 5. It is rather interesting work so I don’t mind long hours. 

4 May 1896. . . .The Professor the other day invited me to go for a 
match of golf with him on Wednesday afternoon at Royston, which is 
about 12 miles by train. Of course I iid not know afiylhing about the 
game, but the Professor reckoned he could teach me. We left by train 
about 2.15 and started about 3. The Royston Heath is rather a good one 
for golf— rather undulating and very fine air. We knocked about a bit 
and I learnt to knock the b^ a considerable distance, if not very straight. 
We got back about 7.30 after a very pleasant time. It was very decent 
of the Professor to take me. I don’t think, however, I su^a quite old 
enough for golf yet — ^at any rate to take it up with much enthusiasm. 

28 May 1896. . . .1 have just had what I suppose is considered rather an 
honour conferred on me i.e. I have been elected a member of the 
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Cambridge University Natural Science Club which has a membership 
of about a dozen and is fairly select at that. They meet every Saturday 
night in one of the members* rooms and get someone to read a scientific 
paper and then an hour or two is given to social converse. I have been 
once or twice, and it is rather interesting if the paper is decent. 


May 1 896. Breakfast with McTaggart, Hegehan Philosopher and Fellow 
of Trinity, but he gave me a very poor breakfast worse luck. His 
philosophy doesn’t count for much when brought face to face with two 

kidneys, a thing I abhor I have been working pretty hard all this 

week with the Professor on the X rays, so I want an occasional run in 
the open. The Professor has been using my methods of wave-detection 
in his classes, so I feel quite a big man in consequence, as of course the 
methods are my very own and evolved out of my own inner conscious- 
ness, and it is a Httle advertisement for me, but I am extremely modest. 
The Professor the other morning showed me a circular in regard to a 
science appointment in India, value ^4-SO and asked me if I would like 
to go in for it. He was asked privately to recommend somebody, so 
if I had felt inclmed I dare say I would have had a good chance, but 
I don’t want to leave England just yet. It is extremely good of the 
Professor to offer it to me, and I hope I will be able to get a chance of a 
good appointment in a year or two. The Professor is far and away the 
best man in England to have at one’s back, so I hope to come off some 
day. The above is of course quite between you and me. 


On 18 June 1896 Rutherford appeared for the first time before the 
Royal Society — a great event in a young man’s life. He there explained 
the principles of his magnetic detector of electric waves. 

In the autumh he was at the Liverpool Meeting of the British 
Association and Prof. J. J. Thomson spoke on his joint work with 
Rutherford on the laws of the conduction of gases when ionised by 
Rontgen rays. Rutherford at the Monday morning meeting showed 
his magnetic detector actually working and explained that he had 
received signals at a distance of half a mile. He said that it was very 
sensitive to long waves but the coherer was better for short waves. 
At the same Meeting of the British Association Signor Marconi said 
that he and Kempe had detected electric waves at a distance of a mile 


3-2 
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and a half on Salisbury Plain. This improvement in distance was due 
to the fact that he had used for the first time a vertical aerial on a wooden 
mast. 


RUTHERFORD TO MARY NEWTON 

6 June, I have got some news to tell you about. . . J. J. has asked me to 
give an experimental lecture at the British Association meeting in 
Liverpool on September 6 , I expect you know the British Association 
meets every year and aU the scientific men of the country turn up to it, 
so it is rather an honour to give a paper before it. I hope to manage all 
right but it is of course a long way to look ahead. My paper would deal 
with my work on the wave detectors and I think I could make it 
interesting to any who turned up. I suppose I am specially honoured in 
being asked, and it will probably be very useful to me in the future. 

12 June, . . .1 met Professor Lodge the other day. He is examining here 
for the Science Tripos. J. J. introduced me and we’^ad a long talk. 
Mrs J. J. has very kindly asked me to dinner next Wednesday as Lodge 
will be there, so I shall probably meet him again. The Rede Lecture 
came off on Wednesday and was a great success. J. J. was in very good 
form though a little nervous at first. My name came in the lecture and 
I hardly recognized my work so much did J. J. make of it. 

18 June. . . .My blushing honours are lying thick upon me. I have just 
sent my paper to the Royal Society, and got a proof of the abstract, or 
rdsumd of my paper, which I will forward. I will have to wait to see if 
they will publish the whole of it in the Philosophical Transactions of 
the Royal. It will be a great feather in my cap if fhey do, for only a few 
papers get into the Philosophical Transactions yearly, and they are 
supposed to be the best of the year. No sooner had my paper been sent 
to the ‘Royal* than a letter comes to me through the Royal from the 
Royal Institution, asking me to exhibit my detector at a conversazione 
there tomorrow. I cannot accept, as it is rather much trouble and hard 
to fix up in a hurry, but it is quite an honour to be asked to exhibit there. 
The Royal Institution is rather a small place and has big scientific 
lectures every Friday — It will be just as well not to make any public 
experiments before the British Association meeting, where I am to give 
a lecture. My scientific work is progressing fairly well but it is rather a 
difficult subject I am on at present. 
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RUTHERFORD TO HIS MOTHER 

July 1896, I have been working pretty steadily with Professor J. J. 
Thomson on the X-rays and find it pretty interesting, Everett, who is 
the professor’s assistant, makes the bulbs which give out the X-rays. 
You know one can sec the bones of the hand and arm, and coins inside 
with the naked eye. 

The method is very simple. A little bulb is exhausted of air and an 
electrical discharge sent through. The bulb then lights up and looks of 
a greenish colour. The X-rays are given off and if a piece of cardboard, 
with a certain chemical on it, is held near it, metal objects placed behind 
can be seen through several inches of wood. The bones of the hand can 
be clearly seen and if one looks at a spectacle box, no trace of the wood 
is seen but only the metal rim and the glass. Aluminium allows the 

rays to go through easily lam not working at that side of the subject 

but at some of the actions of X-rays on substances, etc. I see by the 
papers the other day that a blind person or persons without any eyeball 
[lens] can see them when the rays fall on the retina. 

We arc all supposed to go into College if we come up for the long 
vacation. Only a small proportion of the Fellows and those who want 
to work come up. We are all packed into three Courts, as the others 
are under repair. 

The rooms I now possess belonged to one Binnie, who went down 

for good a short time ago He took most of his things with him. My 

bedmaker Mrs Walker, who looks after me generally, raked up enough 
things to keep me going. When one comes into College you are put 
into someone else’s rooms and use his furniture, crockery and general 
belongings without ceremony. The crockery, knives and forks, coffee 
pot, etc., were bagged for the time from Lord Acton’s rooms which are 
just below mine. I also have the privilege of reclining in his best 
armchair. 

RUTHERFORD TO MARY NEWTON 

July 1896. I went with Professor Hkddon, the zoological pot, and some 
friends out to Barrington on an Ethnological expedition. The idea is to 
take as many as possible of the male inhabitants and measure up their 
heads, general height etc., in order to get the mean average of the East- 
Anglian type. Some old games of the children were photographed and 
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photos taken of all those who were measured. You can't imagine how 
slow-moving, slow-thinking the English villager is. He is very dif- 
ferent to anything one gets hold of in the colonies. 

12 Aug. 1896. Things are going with me the same old way, working 
steadily and increasing my knowledge of physics generally. I have one 
piece of excellent news in regard to myself, viz., that I have received 
word that my paper goes in the Phil. Trans, of the Royal Society, which 
is an honour which befalls only the best of the papers that are sent in — 
so I congratulate myself on my success. I don't suppose I will get copies 
for some time, but they are generally done up very well, and you may 
be certain I wiU send you one to put in your archives. The work the 
professor and I have done this long vac. will probably be published in 
the Philosophical Magazine. We will also give an account of it at the 
British Association meeting at Liverpool. I am therefore steadily pro- 
gressing to my desired aim, a lectureship or a fellowship. I believe the 
Cambridge degree will be of considerable assistance to^e in the end, 
for it counts a great deal with the outside world. 

Trinity College: 27 Aug. 1896. . . .1 have been very busy today running 
over my experiments for the British Association. Pye, the workshop 
man, has made some things very nicely for me and I will be very well 
equipped for my apparatus, and I only hope things will pass off success- 
fully. Tomorrow will be my last day in the Lab. for work till October. 
J. J. is going for a short spell before he goes to the British Association 
and then to America. I have still got to write up my paper for the 
British Association but am putting it off till the last minute. I will start 
away on Wednesday for Lincoln, to stay a few days with Mrs Bell. 
I won’t object to a holiday after my toil and labour of the year. Re- 
viewing things generally, I think you ought to be pleased with my 
record for this year. I came up, a stranger in a strange land and finish 
up by taking a part in the British Association meeting. I have got some 
papers published and another on the way, not to mention a host of love 
letters and other correspondence that I have also completed. If my 
paper was a novel, I would dedicate it to you, but a dedication would 
look rather funny in a scientific paper. You must accept the will for the 
deed. I was speaking to J. J. today in regard to future prospects, and 
he remarked that if an 1851 Scholarship was continued at all» it would 
be continued in my case, so I am on the look out for anodier ^150. 
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1 sincerely hope that it is so, for if the Commissioners don’t do so, 1 will 
be in a bit of a hole as regards cash. J. J. also remarked that I ought not 
to overlook the chance that after my B.A., I may probably stand a very 
good chance for a Fellovrship at Trinity. As the Fellowships are worth 
^300 a year for six years and the honour pertaining to them very great, 
it would be an extremely fine thing to have. 


Trinity College: Aug. 1896. . . . A good long time ago, I gave you a 
promise^ I would not smoke and I have kept it like a Briton, but I 
am now seriously considering whether I ought not, for my own 
sake, to take to tobacco in a mild degree. You know what a restless 
individual I am, and I believe I am getting worse. When I come home 
from researching I can’t keep quiet for a minute, and generally get 
in a rather nervous state from pure fidgetting. If I took to smoking 
occasionally, it would keep me anchored a bit, and generally make me 
keep quieter. I don’t think you need be the least bit alarmed with 
regard to yourself. For I don’t think I wiU ever become a confirmed 
smoker, but seriously I believe it would be a very good thing for me in 
many ways. Every scientific man ought to smoke, as he has to have the 
patience of a dozen Jobs in research work. 


30 Oct. 1896. ... I am working very hard in the Lab. and have got on 
what seems to me a very promising line — ^very original needless to say. 
I have some very big ideas which I hope to try and these, if successful, 
would be the making of me. Don’t be surprised if you see a cable some 
morning that yours truly has discovered half-a-<lozen new elements, for 
such is the direction my work is taking. The possibility is considerable, 
but the probability rather remote. J. J. has not yet returned, but I am 
expecting him in a couple of days. We have now the Lab. quite full of 
people doing research work, in fact we haven’t room for any more. 

I gener^y work seven hours in the Lab. and then have my coaching 
and general reading in the evening. My research work takes up a good 
deal 6f energy, as I have to think out my programme for the next day 
every night — lam enclosing abstract of my Royal Society paper. The 
full paper is not out yet. 

* Lady Rutherford explains the apparently arbitrary exaction of a promise not to 
smoke ^ follows: ** Ernest suffered from a persistent irritation of the foroat causing 
a sli^ cough which worried me in the light of the fact that his eldest sister was 
delicate and one always had the fear of tuberculosis." 
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6 Nov, 1896. . . .1 really am so busy of late I have hardly rime to look 
roimd. My research is progressing at the rate of knots and everything 
going well. J. J. and his Mn have returned. Horribly boisterous 
weather. . . .1 go to pay my respects on Saturday and, on the first occasion 

I get opportunity, I will make a confession — comprenez-vous?. . .On 
Tuesday J.J. has asked me to give a paper before the Cavendish Society, 
on our work, some more grind for me. We have also started, among 
Trinity men, another Physical Society, and I have to give the first paper 
in my rooms next Tuesday, so you can quite understand I am busy. 
The Cavendish is crammed with Research people and it is hard to find 
room for them. I am very glad I came last year, as 1 have got a good 
start. 

II Nov, 189(5. . . .Yesterday after my paper to the Physical Society, 
which passed off all right before quite a distinguished audience, I asked 
Mrs J. J. to be allowed to see her home, as it was quitq^l^k, and J. J. 
was busy over some experiments. On the way home I broached the 
subject of our engagement, and she was very pleased to be told about it, 
and said some very nice things, and asked all sorts of questions about you, 
and says she is very anxious to see you when you come. I know she will 
do anything she can for you, so we will trust in the future that you may 
visit her when you arrive. She remarked that when I was giving my 
paper, not being learned enough to follow it completely, she had been 
wondering what was to be my fate in that respect. Truly the ways of 

women are not for men to understand I think Mrs J.J. looks on me 

as a very nice boy and after I have taken her into my confidence, will 
take an affectionate interest in my welfare. 

Last Saturday, Townsend, McClelland and I called on Mrs J. J. — 
the first time we had seen her since her return from America. As there 
was a large number of ladies present, we stayed over an hour assisting 
to entertain, for which Mrs J. J, was very grateful I am now getting 
quite an expert at afternoon calls and don't feel at all shy usually. On 
Saturday night the Science Club met in Mr Shipley's rooms at Christ's 
College, which are reputed to be die finest at the University. Professor 
Marshall Ward gave a paper on “The effect of environment on plants'*, 
dealing chiefly with the recent work of a man named Klebs. I am sure 
you would have been interested, for even I was, and 1 am anything but 
a biologist. On Sunday, I went to lunch with Sir Robert Ball at a p.m. 
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and had a pleasant time till 4.30. . . . Sii: Robert b a great man for telling 
fiinny stories and jokes. 

On Tuesday night, I gave an inaugural paper to a Physical Science 
Club, just formed among us researchers. It was held in my rooms and 
I supplied coffee, biscuits, baccy and cigarettes — the usual thing in these 
cases. The Laboratory is now full of ‘researchers after truth’ some of 

whom I know very well I work in the professor’s rooms — ^an 

unheard of thing up to the present, and it is very handy there to have 
Everett, die Professor’s assistant, alongside to give me a hand occasion- 
ally. I am at present working at a most interesting and also most 
important subject, from the pure science point of view — ^the separation 
of the positive and negative ions of the hydrogen molecule, etc. It is a 
difficult matter to taeWe but I have partially separated them already for 
ordinary air. 

We have tea every afternoon at 4.30 in the Lab. in the professor’s 
rooms, where he turns up, and discusses general topics. 


2 Dec, 1896. In your last letter you ask whether}. J. is an old man. He 
is just 40 and looks quite young, small, rather straggling moustache, 
short, wears his hair (black) rather long^^but has a very clever-looking 
face, and a very tine forehead and a most radiating smile, or grin as some 
call it when he is scoring off anyone. He has just been doing me another 
good turn. He generally examines the Sandhurst military candidates in 
Physics, but not being able to go on Saturday, he asked me to take his 
place. I am rather interested in seeing the chaps, etc. The fee will of 
course be two or three guineas for the day. J. J. has also dropped me a 
hint in regard to Fellowship exams, to get up some general philosophy 
as they are examined in that in the Fellowship exam. Don’t let out 
anything about the Fellowship business, as it is all 5 m4 rosa 


9 Dec, 1896. I have been very busy this last week, as I think I told you 
in my last letter. J. J. asked me to talc his place in the Sandhurst and 
Woolwidb exams. On Saturday, Smith, my co-examiner and a Trinity 
man, and 1 went down to London, to the London University buildings, 
where the exam, was to be held. We had to arrange for ffic practical 
in Physics of twenty-four candidates in the tiiree hours. We rigged up 
all the apparatus in the morning and examined them in the afmmoon. 
We went out and had lunch in the middle of the day, and then came 
badt and buckled to. The chaps to be examined were all between 1 7 and 
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19, and the ignorance of some of them was profound. The exam, ended 
about 6 and I then went and had tea and back to Cambridge again in the 
evening, arriving home about 9.30. J. J. also asked me to go down on 
Tuesday, when I examined fifty candidates, most of whom would go 
into Woolwich. It was interesting, but beasdy hard work. We went 
down the Strand in a bus, then to the station, and another weary journey 
to Cambridge again. London, as usual at this time of year, was very 
foggy and miserable, but I like wandering rotmd London at nighttime. 
I am leaving in ten days for Eastbourne. I shall probably visit Aunt D. 
before I go down. J. J. is very keen that I should work with him next 
term, so we will probably be in parmership again. 

Eastbourne: Xmas Day, 1896. At the dinner I mentioned, some of the 
dresses were very d^collet^. I must say I don’t admire it at all. Mrs X., 
wife of a professor, wore a ‘Creation’ I daresay she would call it, which 
I thought very ugly, bare arms right up to the shoulders^^d the rest to 
match. I wouldn’t like any v^e of mine to appear so, and I am sure 

you wouldn’t like to either Mn J. J. is gener^y about half and half 

and looked very well indeed. 

I think I told you in my last letter about my examining in London. 
J. J. paid me six guineas for that, which was not bad for me. J. J. seems 
very anxious to help me in every way he can. He had been sent some 
books from Nature to review, but asked me if I would do it. I of course 
agreed, and in consequence got a letter from Nature this morning asking 
me to review a couple of books. It is my first attempt at that sort of 
thing, and I hope I will manage to do it decendy. The books are 
scientific ones dealing with X-ray business on which I reckon I am an 
authority. 

As Sir J. J. Thomson said at a later date, referring to the ionisation 
of gases by X-rays: 

Rutherford devised very ingenious methods for measuring various 
fimdamental quantities connected with this subject, and obtained very 
valuable results which helped to make the subject ‘mctricid’ whereas 
before it had only been descriptive. 

It is dear firom the above letter that Rutherford was fully consdous 
that Prof. J. J. Thomson and he, working together, had made a dis- 
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covcry of great importance. The fact is that between Easter and 
November 1896 they had laid the sure foundations of a new subject, 
an account of which is given in the Philosophical Magazine (Nov. 1896). 
They had explained by a simple theory, which has stood the test of 
timc,|iow it is that Rontgen rays make air or any other gas able to 
conduct electricity. The radiation makes a large number of ‘carriers* 
or ‘ions*, some positive, some negative, in equal numbers. Near 
a charged body, there is of course an electric field and this causes the 
positive ions to move in one way, and the negative ions in the opposite 
direction, carrying their charges with them, which by degrees neutralise 
the charged bodies in the paths. The ions also tend to recombine and 
neutralise one another to an extent dependent on the numbers presen^ 

If ions are produced by Rontgen rays in a tube, they can be driven 
along by a current of air, gradually combining as they go. They will 
not pass through a litde wad of cotton wool, because they give up their 
charges to it. If they are passed between two parallel plates, which 
have opposite electric charges upon them, the ions are swept out of the 
air, moving in opposite directions and giving their electric charges to 
the plates. Rutherford so clearly visualised the situation that later he 
said to me, “Ions are jolly little beggars, you can almost see them’*. 

Prof. V. Bjerknes, an eminent Norwegian physicist, had met 
Rutherford at the Liverpool Meeting of the British Association, and 
later wrote to him: 

University of Stockholm: 16 Nov. 1896. I was very glad to get your kind 
letter and to have the data of your researches which I find most inter- 
esting. When I hear of successful experimental investigations I always 
long to return to that kind of work,| instead of ‘paper work*. But do 
not misunderstand me: the more I penetrate any hydrodynamical 
subject, the more it interests me, and 1 would under no circumstances 

give it up I always look back upon the Liverpool days with great 

pleasure. 

We have full winter here now with good skating. I am sure you 
would find the Scandinavian winter less ‘enervating* than the Cambridge 
one. 
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1 see you are still arudous to persuade me not to judge English Science 
altogether by the B.A. meeting. Your fear is quite superfluous. I judge 
it from the works of Faraday, Joule, Maxwell, Kelvin; and even if I did 
judge it by the B.A. meeting only it would not be as unfavourable as 
you seem to fear. 

Ijhcre is a story that when Rutherford was giving his address, with 
experiments, to the British Association at Liverpool, his apparatus 
refused to work. He looked up coolly and said, ** Something has gone 
wrong ! If you would aU like to go for a stroll and a smoke for five 
minutes, it will be working on your return.” This pleased all his 
audience; they went, came back and saw the experiment. A leading 
physicist said: “That young man will go a long waylj 

Writing in the last year of his life about his steadfast friind Sir Grafton 
Elliot Smith,* Rutherford put on record his views about the work 
of early research students at Cambridge: 


Before coming to Cambridge, Elliot Smith had already shown his 
powers as an original investigator by his work on the anatomy of the 
brain, carried out under the supervision of Professor J. T. Wilson of the 
University of Sydney. I met Elliot Smith soon after his arrival in 
Cambridge, and we soon became close friends and saw much of each 
other outside laboratory hours. We had many interests in common, 
for we had both been brought up in the country, were very much of 
the same age, and both had to rely on ourselves to make our own 
careers. In addition, we were the only advanced students from our 
respective universities, and we were conscious that it devolved upon us 
to make good and to show ourselves worthy of the opportunities given 
to us. . .. 


Long afterwards Rutherford attended a lecture by Elliot Smith in 
which the famous Piltdown skull and its restoration was discussed. 
Rutherford chaffed him afterwards and said: “ All that is necessary for 
a complete restoration of a ‘Gigantosaurus* b one thigh bone and forty 
barrels of plaster of Paris.” 

‘ Bicgrafkimt Record, ed. W. R Dawson (Cape, 1938). 
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In the spring of 1897 Mary Newton came firom New 2 ^ealand to 
England to visit relations and break a long separation. She spent 
a happy May Week with Prof, and Mrs J. J. Thomson at Cambridge, 
receiving the greatest kindness. There were visits to the races on the 
Cam, and to the Senate House to see Rutherford take the Erst B.A. 
Research degree. At a later date they went with two fncnds to Ireland 
and visited Killamey. Miss Newton returned to New 2 ^caland in the 
autumn. There were obviously fewer letters written during the year 
so that the record is not so complete. 

This seems a natural place to tell the story of the missing letters. 
From the time of his going to Cambridge until the year of the death of 
his mother, Rutherford used to write with great regularity every two 
weeks, and give her an account of the events of his life. After her death 
about a dozen of these letters were published in a New Zealand news- 
paper without Rutherford’s consent. He did not approve of this 
publicity and wrote a request that all the letters written by him to his 
mother should be sent to him at Cambridge. They never came. 

On his death the Trustees both wrote and cabled that the letters 


should be sent prompdy to England, so that they could be incorporated 
in this authorised life. The letters were traced to a lawyer’s office, but 
during a move they seem to have entirely disappeared. It need not be 
pointed out how grievous a loss this is to the world of letters and science. 
Indeed this brief account is here given in the hope that somewhere or 
somehow the missing letters may be found and published. 

The following two letters were published in New 2 ^and. 


RUTHERFORD TO HIS MOTHER 

The Crystal Palace: May 1897, The chief point of interest to me was the 
horseless carriage, two of which were practising on the ground in front. 
One was capable of seating two persons and the other five. The engines 
were placed in the rear part of the vehicle and did not occupy much 
space, and the oil which is used for the motive power was kept in a 
Cylinder at the back. They travelled at about 1 2 miles an hour, but made 
rather a noise and rattle. There was a collection of these horseless 
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carriages in the Crystal Palace itself, some evidently very old and 
correspondingly clumsy and heavy. I was not very much impressed 
with die machines as vehicles, but I expect they will come into very 
general use shordy. They say the expense of running about 12 miles an 
hour is about one penny per hour, which is rather cheaper than a horse. 

Cambridge: 1896. On Tuesday morning the Mathematical Tripos lists 
were read out at 9 o’clock in the Senate House. The Girton and 
Newnham girls and the visitors ranged themselves in the gallery of the 
second floor, the Newnhamites at one end and the Girtonites at the 
other. The fellows stand just inside the hall and face the examiners, who 
have a position in the gallery above. 

Punctually as the clock strikes nine, the examiner began: Senior 
Wrangler — ^pause — silence — Fraser, of Queens* and thpre was great 
applause. A Queens* man has not been Senior since 1858 and so the 
rejoicing ofQueens* was great. I beheve a fund has been collecting since 
1859 for the Queens* man who should become Senior Wrangler. A 
good many have joined purposely, but have failed, and Fraser will 
probably now scoop the money which amounts to about ;£4CX). All 
the Wranglers are then read out, then the Senior Optimes, and then 
the Junior Optimes, which correspond to second and third class 
respectively. 

The next examiner then appeared on the scene and commenced: 
‘Women* when the undergrads interrupted him with ‘Ladies* and 
‘Cap*, thereby intimating that he had to lift his cap to the ladies. As he 
would not they kicked up a hullabaloo till he was forced to raise his 
cap and they then made him proceed with his reading. The first 
Girtonite rejoiced in the name of Longbottom and was between the 
iith and 12th Wrangler. 

As the names were read out the girls all clapped for their own college 
and made rather a noise much to the delight of a dog who got inside 
the Senate House and started barking for company and thus afforded 
considerable amusement for a few minutes till he was removed by a 
porter. 

The second part of the Mathematical Tripos was then read out. The 
results are here arranged alphabetically in a division and Madaurin 
(New Zealand) was in the highest class. 

After the results are read out the ladies in the gallery roll up the papers 



1897 ] couTTS trotter studentship 47 

on which the lists are printed and throw them to the undergraduates 
below, who scramble for them in a seething mass for about five minutes. 
Woe unto the straw hat that enters into the fray, for it generally emerges 
a battered wreck. It is considered a great honour to secure one of these 
crumpled papers. The custom is an old one and is perpetuated. 

I sent in my paper to the Royal Society with an abstract and my paper 
was read before the Royal Society last Thursday. The abstract is 
published before the reading of the papers for the Fellows of the Society. 
I am in hopes my paper will be published in full in the Philosophical 
Transactions. This only happens to the best of papers every year and 
I hope mine will be one of them. 

Not only did the Commissioners of the 1851 Exhibition renew 
Rutherford’s scholarship for a third year but Trinity College awarded 
him the Coutts Trotter Studentship, value £250 for two years. In 
May 1898, Rutherford was ‘taken to task’ by the Assistant Secretary 
of the Commission for not reporting this award at the time. However 
Rutherford replied by stating that he did not realise that an additional 
scholarship was a ‘position of emolument’, since many 1851 Scholars 
held scholarships from their own Universities. 

RUTHERFORD TO MARY NEWTON 

12 Dec. 1897. , . .1 have a great piece of news to tell you, which you 
probably have heard about already. I went in for the Coutts Trotter 
Scholarship, and it has been awarded to me for two years at £2^0 a year, 
think of it — ^nearly enough to get married on. I collected together my 
published papers and sent a short MS. of my unpublished work and 
calmly awaited the result. On Friday J. J. casually remarked to me that 
the Council met that day and would probably fix up about the Coutts 
Trotter. So I trotted round, but sai^ nothing about it.. . .About 6, a 
Trinity College clerk came round & presented me with two letters, one 
firom my Tutor congratulating me on getting the Scholarship and the 
other asking me to Trinity Commemoration dinner, which took place 
that evening. I handed my tutor’s note to J. J., and after a minute he 
came round, and after congratulating me, calmly remarked that he had 
known about it all day, but couldn’t tell me. There was great excitement 
among the researchers as I had kept quiet about going in. The best part 
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of the matter is that I can still get the rest of my 1851 Scholarship money, 
so I will be quite rich for the time. My chances for a Fellowship are of 
course greatly improved, if I work along steadily as I have been doing, 
I should stand a good chance after the end of my Scholarship. I shall 
probably go in this year, but if I should get one, I should drop ^ 2 ,$^ ^ 
I would only have one ye^r of my Scholarship. It is a very fine thing 
for me, and I know that you will be even more pleased than I am myself. 
Dr Smith wrote to the Agent General, informing him of my success, 
but I don’t know if it was cabled out. It would go as correspondent’s 
news in any case, so expect an outpouring from me on a subject of 
which they know nothing whatever. I have, as I said, greatly improved 
my chance of a Fellowship and it looks as if J. J. is inclined to support me. 

During 1897, Rutherford made rapid progre ss in thckiPxperiniental 
investigation of the behaviour of ions, that is, 01 die little carriers 
produced in any gas by the action of the Rontgen or X-rays. 

He proved the correctness of a conjecture, due to Prof. J. J. Thomson, 
^at the rate at which the positive and negative ions joined up together, 
by their mutual attraction, was proportional to the square of the total 
number of ions present 

He also found that wten X-rays ionised the air between two parallel 
plates, the current between them would at first increase at an equal 
pace with the increase of voltj^c, following Ohm’s law. This would 
not long continue, for soon the current would tend to a constant value 
as the voltage was further increased, because all the positive and negative 
ions are swept out in opposite directions, as fast as they formed, provided 
the voltage was large enough. The current was then said to be ‘saturated’. 
He proved that the speed of the ions was proportional to the strength 
of the electric field. He measured their mobility, that is, he determined 
for a field of a volt per centimetre the sum of the vdodties of the positive 
and negative ions. He found for air 3*2 centimetres a secc^d, and for 
hydrogen 10*4. 

By an ingenious contrivance, screening off one^ialf of the region 
bkween the parallel plates, he showed that the positive and negative 
ions had about the same speed, but actually it was proved by Zeleny 
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that the negative ions move about 20 per cent ^ter than the positive. 
A fine year’s work, particularly when it is remembered that odicr very 
able men were also now beginning to work in the same field — ^besides 
J. J. himself, there were men like Langevin, Townsend, John Zeletty, 
C. T. R. Wilson and H. A. Wilson. 

The next step, during 180 8, in Rutherford’s research work, was an 
attack on the ions produced when ultra-violet light tails on a sheet oi 
clean metal, such as zinc. He proved that the ions produced in the 
neighbouring air were all negative ions, but had the very same properties 
as those produced by X-rays passing through air. He did one exquisite 
experiment. He rapidly varied the charge on the lower illuminated 
plate, positive and negative alternating, so as to make the ions dance 
up-and-down, and increased the alternating voltage till the ions Just 
reached the upper plate and gave their charges to it. In this way he 
found their velocities. 

At this period most remarkable discoveries were made in France, 
[n 1896 Becquercl found that uranium gave out some new rays which 
would go through black paper and would affect a photographic plate. 
These rays could be bent by a magnet. Schmidt discovered a similar 
property in thorium. Mme Curie examined a number of ores of these 
two elements and noted that an ore of uranium was three or four times 
as ‘active’ as the uranium it contained. What a paradox! She decided 
that there must be somediing new present. Pierre and Marie Curie 
began their heroic experiments of extracting the unknown, and dis- 
covered minute quantities first of polonium, next of radium, which 
proved to be, as it approached purity, more than a million times as 
active as uraniun^ 

Rutherford’s curiosity was aroused and he set to work at Cambridge, 
in the Cavcnjdish Laboratory, to find out whether the ions produced 
by uranium behaved in the same manner as those produced by X-rays 
and by ultra-violet light. He found it to be so. He qukkly noticed 
that there were two types of rays present which he called, firom the 
first letters of the Greek alphabet, alpha and beta rays. The alpha rays 
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were cut off, or absorbed, by a stout sheet of paper, but the beta rays 
were a hundred times as penetrating. He published this work when 
he got to McGill. It was the beginning of his life’s work. • 
Prof. Ayrton in his final report to the Commissioners on Rutherford’s 
work said 

he would not be expressing an exaggerated opinion in suggesting that 
the Commissioners may feel justly proud that it was through their 
scheme of Science Scholarships and through their selection of the 
candidate, Mr Rutherford, that such a first-rate Physicist was able to 
come firom New Zealand to the Cavendish Laboratory of Great Britain 
and prepare himself, so to say, for his present post-— the Pji&ssorship 
of Physics in the McGill University of Canada. 

RUTHERFORD TO MARY NEWTON 

Trinity College, Cambridge: 22 April 1898. In my last letter I told you 
CaUendar of McGill University, Montreal, had been appointed pro- 
fessor in London. His appointment will probably be open shortly, but 
I think it doubtful whether J. J. will want me to go in. There would 
probably be big competition for it, all over England, as the average man 
does not mind going to Canada, though he would bar Australia. It is 
a little uncertain what kind of a man will be wanted. The salary is not 
large, only £500, but still I would not mind taking it, but I think it is 
extremely doubtful that I will compete for it. I will not go in unless 
J. J. advises me to. I expect Townsend will go in anyhow as he is 
anxious to get something to do. Penonally, next to New Zealand I 
would rather like Canada, as I believe things are very jolly over 
there. 

10 May. Today the question of allowing a Roman Catholic Hostel was 
voted on, and was lost by two hundred votes. 1 don’t dunk I shall go 
in for this Montreal Chair. J. J. docs not appear to wish me to, and as 
my chance would depend entirely on his backing, it wouldn’t be much 

use my trying It is possible J.J. may want me to stay oh here. It will 

be advisable to sec who arc going in, rather than to go in anyhow on 
one’s individual merits, which in Aesc days does not count mu^ unless 
one can obtain strong backing. I would like to stay here another year 
if my scholarship would keep going. 
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I8 May. . . .1 have made up my mind to go in for the McGill Chair, 
diiefly a$ a business matter, because it will probably do me much good 
even if I don’t ^et it. I settled to go in last Saturday, and have been very 
busy about it smcc. . . . Everybody says that Montreal is a very nice place 
to Hve in, and as there are quite a large number of professors, there 
would be any amount of University society. The salary is only £soo, but 
still enough for you and me to start on, and we could manage to have a 
very goc^ time on that, I think. I am not very keen on getting the 
appointment, as I have my scholarship going and the possibility of a 
Fellowship, but it is as well to keep to the fore in these things. There 
are at any rate two of us going up from the Cavendish. ... If they want 
research a good deal I may be in it, but if experience in teaching, I must 
take a back scat. You musm’t put any faith in my chances, they are 
paradoxical, and a big man may crop up at any time and leave us all in 
the rear. I have-been seeing about testimonials this week and seeing 
people who have influence in the Colonies. I have been to sec Sir R. Ball 
and he i^giving me a testimonial and going to work a friend at Montreal. 
I have also seen Dr Macalister who knows all the pots at Montreal and 
may say a good w:prd for me. I will send you a copy of my testimonials, 
they have to be in Montreal by the 20th of next month, so there is not 
much time to lose. There is one good thing about my going in, it may 
make J. J. aa in regard to getting me something to do in Cambridge. 

1 will probably go in for a Fellowship this year, if I don’t get the 
appointment, but my chances arc very problematical. It would be a 
lovely idea, if I got the Canadian appointment, to go out next October 
and work for six months when they have nearly six months vacation, 
which would suit me very well to go out for you and get spliced, or if 
there was not cash enough, I could stay anoth^ year and come out for 
you about two years from now— if you could wait that long— but this 
is all in the air. 

2 June 1898. . . .1 h^ve been very busy over this McGill appointment, 
but have come to the conclusion that my chances are ‘up a spout*. . . . 

I am just gating my testimonials printed. I got good ones from 
J. J. and Gkzebrook, and I will send you one when they are finished, 
but it appears to me it will be money-wasted. However I must not 
complain as I have my scholanhip to fall back on, aldiough it is not 
enough to marry on — ^unfortunately for us — I find by a regulation 

4 -a 
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that wc researchers cannot go in for the Trinity Fellowships this year, 
we have to be twelve terms in residence, and I have only nine. As far 
as I can see, my chances for a Fellowship are very slight. All the dons 
practically and naturally dislike very much the idea of one of us getting 
a Fellowship, and no matter how good a man is, he will be chucked out. 
There is a good deal of friction over this research business, which was 
intensified by my getting the Coutts Trotter, yl know perfect^ well that 
if I had gone through the regular Cambridge course, and done a third 
of the work I have done, I would have got a Fellowship bang off. )My 
chances for this appointment and for a Fellowship are, I reckon, darned 
small — one has to face the situation squarely and not look always on the 
rosy side. 

Cambridge: 14 July 1898. . . .During this week I have been interviewed 
with regard to the Montreal Chair by Dr Peterson, Principal of McGill, 
and Cox, Professor in Montreal, who will be my colleague if I went out 
there. I was in Hall on Sunday night and saw J. J. pointing me out to 
some man and was told it was the Montreal delegate. Peterson and Cox 
came to the laboratory on Monday and I saw Peterson twice for about 
an hour altogether. I don’t suppose I’ll be appointed as I believe they 
want the man they appoint to be a lecturer with experience, as there 
will be a good deal of that type of work to do — I don’t think J.J. has 
much to do with the appointment at all, but it will mostly depend on 
Peterson’s report. I rather liked both Cox and Peterson, and they were 
both very pleasant. I expect to hear in about three weeks or a month 
about the result, but am not bothering my head about it. My chances 
are almost entirely due to research, and that is only a partial consideration 
with them. Besides I think they consider I am rather youthful. The 
weather has been very variable this week, hot and cold, and I have been 
rather toothachy and headachy, a rather unusual thing for me. I was 
annoyed today, when I came home to my rooms at 7 , 1 found a letter 
from Griffiths, asking me to tea to meet Callendar the late McGill 
professor; I hope, however, to get another chance — By the way I got 
a prize from the Trinity Rifle Club for shooting the^Jther day. 

30 July, I missed writing last mail as I did not feel like writing, until the 
McGfll appointment was settled, but as I am still in a state of uncertainty, 
I cannot postpone for another week. I did not at fiirst think I stood mu^ 
chance, but from later reports I believe it is very probable that I will be 
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appointed. The first inMing I had of it was when I was with Griffiths at 
dinner in Sidney College. He remarked that he supposed I knew I was 
to be appointed to the McGill Chair, as all its arbitrators had sent in a 
recommendation in my favour. I was considerably surprised, but dicse 
results were confirmed later by Professor Ames of Johns Hopkins 
University who said that he had seen Peterson, President of McGill, 
who had said that my name had been sent over to Montreal in order to 
receive the official sanction from the Board of Governors, so if I don’t 
get it after that, something has gone wrong with the works. On Monday 
I received a confidential letter from Professor Cox asking me to see him. 
Of course he couldn’t say much but seemed to think I would be 
appointed, and so we talked over matters in general in regard to Montreal 
and my duties there. Mrs Cox came in later, so we talked of things in 
general. In case I am appointed Cox will be my colleague, and will 
assist me in the lecturing. He is a mathematician in the first place, and 
a Fellow of Trinity, and has done a good deal of extensioi]L-lecturing at 
which I believe he is very good. He doesn’t know much about experi- 
mental work, so I will have to run the experimental part, and the 
laboratory generally. He is a man about 45, 1 should think, just getting 
grey. His wife is tall and somewhere about 40, 1 should think. She is 
pleasant, and so is he, and I think we should get on well together. I wish 
to goodness this matter was settled finally, as it is very upsetting to work 
in the interim. If I get it, I shall leave for Canada on September 8th 
by the Yorkshire and get to work by October. It is rather a sudden 
change, and will mean a great deal of work, as I have to start lecturing 
at once to classes of sixty or seventy, and generally have to run the show. 
I daresay you have in your imagination dubbed me a professor, but 
I must confess I did not think my chance would come so soon. I hope 
you can see your way to going over there in the near future. It seems 
rather absurd discussing these things before matters are settled, but I 
know you won’t mind if I don’t go after all. The University has two 
terms and finishes up early in April, so there is nearly six months 
vacation, which will suit me admirably to get over to New Zealand 
when the time arrives to fetch you. If I get appointed, 1 will have to 
start work at once, so the question is what am I going to do when my 
vacation arrives. Am I to go to New 2^ealand to fetch you to look after 
me and become Mrs Professor, or am I to wait another year to get 
enough cash to do it in style? I would very much want of course to go 
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to New Zealand, but I suppose, as it requires a fund to start housekeeping, 

I ought to wait a little McGill is a very important place to be at, for 

Callendar was a P.R.S., and a Fellow of Trinity, and quite a pot in the 
scientific world, so I will be expected to do great things. I am expected 
to do a lot of original work and to form a research sc|||ool in order to 
knock the shine out of the Yankees 1 . . .From what I hear, I believe 
Montreal is a very fine place, and although there is plenty of cold in the 
winter, it is really very enjoyable weather, bright and frosty. The 
summers are hot and a good few of the residents leave in the hottest 
parts of the year. Living, I should imagine, is much the same as in New 
Zealand, but we should of course have to keep up a certain amount of 
style, and we ought to do it very comfortably on ;,(^400 and put by the 
rest. I believe I have told you, in previous letters, that the Physical 
Laboratory is one of the best buildings of its kind in the world and has 
a magnificent supply of apparatus which alone cost ^(^25,000, so it is a 
place one can be proud of. Macdonald, a millionaire, has supplied all 
the coin and continues to do so, so I have got to keep in with him, if 
I have any large expenses. I believe it is possible that salaries may go up 
in future, and at any rate I will probably get a little extra by professional 
advice, so we oughm*t to do so badly. I will write as soon as it is settled, 
and I will see if I can’t get a wire sent out by the Press Association, so if 
I have got it, you will probably have heard before this letter arrives. 
I suppose if I get it, I may consider myself a very lucky person, as 
professorships are not as a rule being thrown about for men of my 
age — I suppose I have to thank J. J. a good deal in the matter, but his 
position has been a very difficult one. Schuster and Lodge must also, 
I think, have supported me, for they were supposed to have a say in the 
matter. Peterson is however the man who runs the whole show. 

Among those who wrote testimonials for Rutherford were his Tutor, 
Mr W. W. Rouse Ball, Sir Robert Ball the astronomer, £. H. 
Griffiths and Richard Glazebrook. 

J. J. Thomson recited Rutherford’s achievements, specially naming 
the ‘Detector’ with which he received signals by means of electric 
waves (and without wires) across about three-quarters of a mile of the 
most densely populated part of Cambridge— work done two-and-a-half 
yeara before and in advance of the recent attempts at wireless telegraphy. 
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He contuiued later: 

I have never had a student with more enthusiasm or ability for original 
research than Mr Rutherford and I am sure that if elected he would 
establish a distinguished school of Physics at Montreal.. . .1 should 
consider any Institution fortunate that secured the services of Mr 
Rutherford as a Professor of Ph3rsics. 

Principal Peterson and Prof. John Cox, who had visited Cambridge 
to find a worthy successor to Hugh L. Callcndar, returned to Montreal 
well satisfied with the appointment. 

RUTHERFORD TO MARY NEWTON 

3 Aug, 1898. Rejoice with me, my dear girl, for matrimony is looming 
in the distance. I got word on Monday, from Dr Peterson, to say I was 
appointed to Montreal. All my friends are of course very pleased, and 
I have to submit to being called professor without having a boot to 
throw at their heads. I am very pleased that it is setded and that I am 
not left in the cold, but I am sorry for many reasons to leave Cambridge. 
... I think it will be probably much better for me to leave Cambridge 
as, on acf.Q unt of prejudice in this place, it would be difficult to get 
anything to do, and if I did, it woiud be a rather unpleasant position, 
and at any rate it would be many yean before I could raise yC^oo a year. 
My chances of something better afterwards will be much greater if I 
have already held a chair. Callendar’s own career is a good example of 
possibilities of obtaining a better appointment. I will be practically 
boss man in the Laboratory, as Cox knows very little about Physics, 
though he does a good deal of lecturing. It sounds rather comic to 
myself to have to supervise the research of other men, but I hope I will 
get along all right. There arc about four men doing research in the Lab. 
some of whom arc as old as myself, so I will have to carry it oflfsomchow. 

I am leaving England on Sept. 8th Taking a first class passage cost 

£12 — not so much, i . . I will not have extra much cash when everything 
is settled, as I wish to buy a good few books and diey are very expensive. 

II Aug, I have received a great influx of letters the last week from all 
over the place about my appointment. I also received a letter fi*om 
you discussing the problem of how to get married on nothing. . .the 
cash is of course a consideration, but as I am paid monthly we should 
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have enough to get along on — ^but time will tell. I believe the professors 
who arc hving on their income are not expected to entertain much; 
afternoon teas are the extent of their expenses, but tllbse who have rich 
wives do a good deal. We will be of the poorer variety, and will have 
to live to ourselves. I was interested in your account of the professorship 

at Wellington I think if I were offered the New Zealand Chair at 

^700 and McGill at ;(^500 I would take the latter as my chances of 
advancement are much better in McGiU, than if I got out to New 
Zealand. There is also a certain amount of satisfaction in having a swell 
lab. under one’s control, and probably in New Zealand my chances of 
research work would be very small. I am going out to Canada with the 
Coxes and MacBride the zoological professor, lately appointed from 

Cambridge. I met him at breakfast the other morning 1 am very 

busy at present getting things in order and writing up papers. I find it 
takes a lot of energy to tackle to. I think my appointment is a very much 
discussed matter in Cambridge as Callendar was considered a very great 
man, so your acute mind will at once gauge my importance if they place 
me in his shoes when the beard of manhood still is faint upon my cheeks. 

1 am only a kid for such a position and I will have rather a hard time the 
first six months getting things going. 

27 Aug, . . .1 have got a very nice letter from Professor Bovey who is 
an engineering professor, and Queens* College man. He is what is 
known as Dean of the Applied Science Faculty, i.e., he is head of the 
show. He wants to know when I am coming and it appears from the 
letter he is intending to ask me to stay with him on my arrival provided 
he has got back from his holidays. 

2 Sept. I am leaving England next week so this is the last letter I will 
write here. EUiot Smith and I are staying at my old digs, and working 
like Trojans. I have nearly finished my paper and feel very relieved. 
I am going to pack up my books and things generally tomorrow to get 

them off my hands I don’t know if you heard of the terrible accident 

to the Hopkinsons, whereby he and his three children lost their fives in 
the Alps . . . you met one of them at the dinner party at Mrs J. J. . . . The 

accident has made a great stir among Trinity people We are expecting 

to hear of the battle of Omdurman tomorrow. The Colonel Henry 
suicide in Paris is making a great sensation, and is quite overshadowing 
the Czar’s disarmament proposals. We five in interesting times. 
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RUTHERFORD TO HIS MOTHER 

I know that you will he pleased to hear that I have got the Montreal 
post and so start up in life as a professor on £500 a year and a prospect 
of adding more in the days to come as far as regards coin, and an 
unlimited prospect of work. I got a letter from Dr Peterson saying 
I had been appointed by the Board of Governors at Montreal. All the 
other candidates had considerable experience in lecturing, and teaching, 
but I was appointed greatly for research and partly because they 
reckoned I could lecture when I tried. It is as good an opening for a 
start as I could wish. 

The McGill University has a good name and they have a good lot of 
men as professors, all at £soo. The salaries are small compared with 
the endowment of the laboratories and the enormous money spent on 
them, but that is chiefly due to the fact that the money has been advanced 
by Macdonald, a millionaire, who made his money in tobacco and he 
lives on £2$o a year, so he reckons a professor should live on ;^500. 
However £$00 is not so bad and as the physical laboratory is the best 
of its kind in the world, I cannot complain. 

There will be two physics professors on an equality nominally — Cox, 
a fellow of Trinity, a mathematician who built the laboratory but is not 
an experimental man in any way. He will do a good part of the 
elementary lecturing and I will have to run the practical classes in the 
laboratory, the research work and do lecturing as well — 

You must bear in mind that the competition in scientific circles is 
very keen in these days and men quite expect to have to lecture and 
demonstrate with not much over ^200 a year for ten or fifteen years 
before they get an appointment such as McGill. As a matter of fact 
I am extraordinarily lucky to start so well, for not one man in 10,000 
ever gets the opportimity, for I have had practically no experience in 
teaching for which you are supposed to pay. It may interest you to 
know that Callendar, who was a Fellow of Trinity and a F.R.S., as 
well, took the appointment at Montreal when it was not so good as it 
is at present 

The Master of Trinity, H. Montagu Butler, sent a gracious farewell 
letter with a wise forecast of the future: 

Killint N.B,: 1 Sept. 1898. We shall all be sorry to lose you at Trinity 
but I cannot help feeling that you have a noble position before you, 
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both from the scientific and from the patriotic point of view. It is not 
everyone of our countrymen who has, so to speak, in his veins the blood 
of Scodand, New Zealand, Trinity and Canada. ^ 

Perhaps someday the same wave that has restored Professor Callendar 
to us may bring you also back over the Atlantic. Meanwhile you will 
be doing a grand work in Canada, as the representative of other good 
things besides your own subject. 



CHAPTER m 


McGILL 

Professor E. W. MacBride has recalled the arrival of Rutherford in 
these words: 

Rutherford’s bachelor life in McGill was very short. He came out 
in the same cabin with me in September, 1898 and he left Montreal to 
be married in May or June 1900. I think I could claim that Walker, 
the Professor of Chemistry, and I were his two closest friends. I boarded 
in a house in McGill College Avenue kept by an Englishwoman — 
Miss Birch — and Rutherford also took a room in the same house. Miss 
Birch however closed her house, and Rutherford, Walker and I took 
rooms with breakfast in a house at the bottom of Union Avenue. 

F. P, Walton, then Dean of the Faculty of Law at McGill University, 
writes of the early days in Montreal: 

I remember the circumstances of Rutherford’s appointment at McGill 
pretty clearly. Peterson wrote to J. J. to invite suggestions and J. J. 
wrote back that if they were willing to take a quite young man with no 
teaching experience he had a great belief in young Rutherford. 

Peterson and Cox went over in the summer and interviewed Ruther- 
ford and it was done. 

Cox, I always thought, behaved very generously in regard to 
Rutherford and Rutherford was, I think, fully conscious of it. 

Cox was an accomplished and versatile man and a good teacher but, 
as I was always told, had no flair for research. When he realised what 
a young eagle they had got, he took over a lot of the drudgery which 
embitters the lives of professors and gave Rutherford much more leisure 
than a junior professor usually gets. 

By the way, Cox made a remark to me before Rutherford came which 
has studk in my memory and might well be mentioned. He said one 
day that he was feeling rather dispirited because there seemed nothing 
new going on in Physics. The main diings, he said, had all been found 
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out and the work which remained was to carry on a great number of 
experiments and researches into relatively minor matters. 

When Rutherford got going, Cox was ready and glad to sing another 
tune. When Rutherford brought his wife to Montreal we invited them 
to stay with us until they found a home, and it was in this way we got 
to know them so well in the early days. 

A. E. Taylor and MacBride were about the same period and we saw 
a lot of them all. 

They were a very lively and inteUigent crowd as you will remember. 


After a stormy passage across the Adantic Rutherford was greeted 
in Montreal with that genuine kindness and hospitality for which 
that city is famous, and he was soon plunged into his work. He 
was not a good lecturer at first, for he began lecturing over the heads 
of his students, assuming a knowledge of mathematics beyond the 
stage of their instruction. Callendar had at first made the same mis* 
take before him, until the engineering students signed a round-robin 
requesting that the Calculus should not be used in Physics before it 
had been taught to them in their course of Mathematics. This protest 
seemed reasonable and was upheld by the Faculty. Rutherford, how- 
ever, quickly understood the limitations and capabilities of the students, 
and a dogged enthusiasm pulled him through his early difficulties. 

Rutherford soon had some electroscopes and electrometers in working 
order and he continued to investigate the singular radio-active proper- 
ties of uranium and thorium. On 24 October he wrote a letter to Hayles 
of the Cavendish urging him to send some preparations of those elements 
as soon as possible, together with the account which would be settled 
on their arrival. 

had e stablished a di fference between the tw o 
of rad^atioiLikomjy^^ lie Renamed alpha and beta rays . 

It had already been proved by Becquerel fiat fie beta rays could be 
deflecU^In a magneriT held and in such a direction that it was clear 
that they carried the type of electricity called negative — the kind 
produced on sealing wax when rubbed with fur. The beta^ys (or 
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particles) were righdy idwitified with the electrons which Sir William 
Crookes had discovered in a well-evacuated electrical discharge tube. 
These electrons, investigated by Sir J. J. Thomson, have little weight 
(or mass) and indeed it takes 1850 of them to weigh as much as a single 
one of the lightest of the atoms, namely hydrogen. The electrical charge 
of an electron is its notable feature and is enormous as compared with 
its mass. 

These nimble and faithful Ariels do our bidding in a thousand ways — 
convey our electrical energy, help us to telephone, broadcast, and to 
render television. 

No one, however, knew the nature of the alpha particles and Ruther- 
ford determlhStiTo^dikovef ihis, pinfic^arl^ecause he found that the 
energy of the alpha particles was far greater than that of the beta particles. 
His investigations of the alphas, as we may call them, continued with 
astonishing results over a quarter of a century and led, stage by stage, 
to the most remarkable discoveries in the history of science, culminat- 
ing in the proof of the atomic nucleus and in the transmutation of 
elements. 

A young electrical engineer, R. B. Owens, recently appointed at 
McGill, had been awarded a research exhibition from Columbia 
University. He asked Rutherford to suggest a subject, and set to work 
to investigate the radiations from thorium, just as Rutherford had done 
for uranium. Unexpected difficulties arose. Owens found that his 
source behaved in a most erratic manner and traced the trouble to air 
currents. Something that was neither thorium, nor alphas, nor betas 
could be blown about! In the dilemma of a mystery it was called 
thorium emanation, a non-committal term. Rutherford proceeded single- 
handed to investigate this new discovery. He found that it was, not 
‘ions’, for the emanation would go through cotton- wool and past 
charged bodies. He drew the thorium emanation along tubes and 
found that it carried its radio-activity with it, but got weaker as it 
travelled. He measured the rate at which die activity grew less, and 
proved that half its radio-activity disappeared every minute, no matter 
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what the initial strength. This result was sufficiently i^markable, but 
it was only part of the story. This thorium emanation could make other 
bodies radio-active when they were in contact with it 1 This new effect 
was called at first ‘induced or excited activity’, but under Rutherford’s 
influence the name was later changed to active deposit, for he found by 
degrees that the emanation was a gas, and the after-effects due to 
a material deposit. This active deposit of thorium was found to decay 
away to half value in iij hours. 

It is well to remember the startling character of the evidence that 
confronted Rutherford at McGilL It seemed necessary to believe that 
one atom gave birth to a new atom which wandered away from its 
original home and in turn gave birth to yet another new kind of atom, 
and so down a chain of changes. Such a prolific atom with its whole 
progeny of atoms stood in most striking contrast to the old idea that 
atoms were eternal, unchanged and unchangeable. 

Parallel work was taking place in France where Dorn discovered 
radium emanation, and the Curi« the ensuing excited activity or active 
deposit. If the reader has for the first time come across the ideas just 
set forth, he will, unless possessed of unusual ability and insight, be 
somewhat befogged, for he has to think about thorium and uranium, 
which are both elements; about emanations which are now known to 
be gases, but at first were complete mysteries; about the resulting 
active deposits, now known to be material (but not then), decaying 
away at different rates; about alpha and beta rays. The reader may rest 
assured that his fog is nothing to the darkness m which the early 
workers groped, and out of which Rutherford found his way. The 
successive steps in his scientific progress are so intimately bound up with 
his personal fife that it would be difficult to divorce them and it seems 
best to unfold both together in the way they actually occurred. 

RUTHERFORD TO MARY NEWTON 

Montreal: 25 Sept, 1898. 1 am now fairly settled in Montreal as I have 
been here since Tuesday morning. Professor Bovey with whom I am 
now staying telegraphed for me to stay with him when I reached Quebec 



VOTAGB TO CANADA 


1898] 


63 


and I have been here since and am going to my lodgings tomorrow. . . . 
We left Liverpool on Thursday in the Yorkshire, a boat of about 5000 
tons. Professor and Mrs Cox and their son Jack were on board. . . by a 
peculiar coincidence MacBride and I shared the same cabin. . .he is a 
good talker but very dogmatic and assertive. ... It started to blow hard 
as soon as we got off the coast of Ireland and we had heavy gales all the 
way and made a very slow trip. One day there was a heavy gale and 
great seas so the head of the vessel was kept to the wind for five hours 
without making any headway. . .misfortune dogged our footsteps up 
the Sa Lawrence for we were troubled with fog and smoke and took a 
day longer up the river than we should have. Got into Quebec at 
nightfall — I stepped on the soil of Canada there for the first time. 
Left at 4 next morning and went all day up the St Lawrence. It is a 
magnificent river very wide and in many parts the banks are very 
pretty. Professor Bovey, who is Dean of the Applied Science Faculty, 

met me and we went together to his house I could not have been 

treated better I have met Mr Macdonald several times, he is the 

millionaire who has given all the money for the Science labs. He is a 
grey-headed Scotsman, simple and unassuming, and I like him very 
well,. . .1 have got lodgings in McGill College Avenue near the Uni- 
versity. I get board and one room for 30 dollars a month. It is an 
extremely diflScult matter in Montreal to get a good sittingroom and 
bedroom except for exorbitant prices. I have a big bedroom and will 
make partial use of this as a sittingroom, until I can find something 
more suitable. I have of course a fine large private room at College, 
and will be there most of the day. I am very pleased with everybody 
and everything so far. I start my first lecture next week to a class of 
about a hundred — on Magnetism. 

Now I have to consider the weighty question of when I am to come 
out for you. I have been collecting data since I have been here and have 
come to the conclusion that I will have to stay here a year before I go 
out to fetch you. I start about zero as regards cash and it would hardly 
be right for me to fix up till I have settled my bill at home. They say 
living is a third dearer in Canada than in England. Rents are very high 
in the town and a small pillbox of a house costs £100 a year. Supposing 
I stay here now for eighteen months and come out in April or May, 

I will probably have saved ^^400 and wdl then have enough to start 
housek^ping after paying off my educational expenses. If I went out 
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there for you this year (as of course I should very much like to do, 
needless to say) I would hardly have enough cash after six months to 
go out and bring you back and we would start with short funds at once, 
so I really think, my dear, we will really have to postpone our partner- 
ship for eighteen months from now. It seems a very long time when the 
opportunity is so to speak at our hand, but I think it will be much better 
in the end. I will have had time to get setded and things in order, and 
so be able to devote more time to you when you do arrive. Moreover 
I am afraid I could not get away early this year, as they don’t like the 
young professors running off at once. Next year my case would be 
different, and I could probably get away a month earlier than this, 
which will prevent my matrimonial duties being too rushed. I am sure 
you will like Montreal. A professor here occupies a very prominent 
position in Society far more so than in New Zealand, and one is not so 
buried as in New Zealand. 


4 Oct. 1898. I am in such a rush of work that you will have to be content 
with a short letter from me today. I am now in full swing of work and 
have not a moment to spare as I am getting classes in order, lecturing, 
etc. I do not fortunately do much lecturing, one class of about fifty 
twice a week and then another class for two hours, but I have in addition 
the supervision of all the practical classes which come five times a week 
so I will have my time very fully occupied. My first lecture came off 
yesterday. Professor Cox introduced me and I then bucked in. Today 
I lectured to my advance class for two hours as a preparatory to practical 
work — a class of fourteen. I am also now very busy doing some work 
for Professor Bovey on vibrations on house properties on which a 
lawsuit is pending. It has to be done in a hurry, so I have been busy 
fitting it up. It may mean a considerable amount of time to complete it, 
as it will mean a good deal of sensitive apparatus to be made. 1 am very 
pleased with the Physics Building which is very large and fine, six 
storeys or rather seven, and filled with apparatus. Everything is very 
bright and polished, in fact, almost too much so for a budding where 
work is to be done. I hope however to buck into work before long, 
I believe we are to go out a good deal this term — I have been out to 
several dinners, also to see the Royal Electric works in town, and to see 
their works on the Richelieu river where they intend to supply 20,000 
horse power to Montreal. The works are not yet completed, but they 
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are on a very large scale. The manager of the works paid our train ^es» 
gave us dinner, and generally treated us royaJly. 

7 Nop, 1898. I forget whether I told you that I am at present engaged on 
some outside work with Professor Bovcy. Some people arc suing the 
company, which runs the car service, for the vibration caused by the 
power house when the dynamos are running. I have been making 
some instruments to record these vibrations and to take a pen and ink 
record of the vibrations in horizontal and vertical directions. The 
vibrations are in general from i/ioo to i/iooo of an inch, and the 
instruments have to be far more sensitive than earthquake recorders. It 
entails going down to the power house every day and taking the record 
off and putting another on and £tting up the instruments generally. 
I hope to get a fee of at least £so before it is over, but that may be some 
months yet. We are on the side of the Electric Company and are going 
to show that the vibrations are too small to affect any houses in the 
neighbourhood. As a matter of fact the plaintiffs have no ground 
whatever for their complaint. I practically do all the work, and Bovey 
and Cox turn up as witnesses at intervals and sign the records. Callendar 
here was considered a univenal genius and he also did something of this 
kind last year, and I also gain a sort of reflected glory for doing a thing 
which the great Callendar apparendy alone was able to do. This 
extraordinary belief in Callendar is a litde unfortunate for me, as 
however well I do I will never rise to the acme of greatness attained by 
him. These litde things will all help to shorten our time of probation 
and to have a litde more to spend when it docs come off. 

29 Jan, 1899. I had a rather amusing experience the other night. I think 
I have told you that about 5000 Russian emigrants called Doukhobors, 
a persecuted Russian community, have come to Canada. Mrs Cox and 
several others have taken a great interest in these people, and get up 
subscriptions for them, as they are coming out in the middle of winter 
to Winnipeg, where^it is about minus 20 degrees pretty continuously. 
We had to go out by train a good distance, and then found we had to 
wait about three hours till the flrst train with the emigrants arrived. 
However, at ii p.m., the first contingent drew up at the junction and 
we inspected them, or rather their feet, for aU of them were asleep in 
their bunks with bare feet. They are rather a fine looking people and 
very clean I believe. The ladies were specially interested in a litde baby. 
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bom on the steamer, which was called Canada. We got back to Montreal 

about I a.m. and I had supper at the Cox’s I was very glad to see my 

paper on Uranium radiation appeared in the Phil. Mag. this month. It is 
the longest paper I have published so far, and I will send you a copy as 
soon as I get one. I am better pleased with it than any paper I have done, 
and it represents over a year’s work. I was surprised to hear from 
W. S. Marris in Meerut last week, congratulating me on my appoint- 
ment. He was good enough to state that he always knew I was a better 
man than he, and seems to have a very exalted and quite absurd idea of 
what I have done. It was very decent of him however to write. 

RUTHERFORD TO HIS MOTHER 

19 Fek 1899. Three of us walked over the frozen St Lawrence last 
Thursday, and a long walk it is. The river is two miles wide at Montreal 
and it is frozen §olid the whole way across. It is rather interesting to 
walk and to sc^e sleds and sleighs going where three months before great 
ships wet^d^ing at the wharves. The river does not freeze flat like one 
W9uld naturally expect, but like one’s back lumber yard. Great blocks 
l^d hills of ice are scattered over it where the pressure of the river has 
piled up the ice blocks on top of one another. 

There is a great industry here collecting ice for summer use and for 
export to the W. Indies. The blocks are cut out of the river, stored in 
warehouses and doled out to customers during the summer. Over 
100,000 tons are collected every year for summer use. It is the custom 
in Montreal to have the iceman visit you the same as the baker. He, 
however, leaves the blocks of ice in front of your door and you can 
take it in, or let it melt there, as you like. 

They say the river is a great sight in spring, just before the ice breaks 
up, when the great ice-shoves take place. They had to build a great 
guard embankment in the river to prevent the ice pushed by the river 
from invading the streets near where the wharves are in summer, for 
the piles are always removed before the river freezes. 

RUTHERFORD TO MARY NEWTON 

Montreal: May 1899. Since my trip to the States I have had a varied 
and busy time. I wrote up a paper for the Royal Society of Canada and 
did a good deal of vibration work for the Street Railway. I was surprised 
on Wednesday morning to get a long distance telephone message from 
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Cox at Ottawa asking me to deliver the Royal Society Popular Lecture 
at Ottawa. It appears the many whom they originally asked, a prominent 
American Entomologist, was taken ill suddenly, so they were much 
put about to get a man at a moment’s notice. Cox proposed me, and 
they jumped at it, as they thought that the subject of wireless telegraphy 
was a good one for the occasion. It was a distinct honour to ask me, so 
you may be as proud as you like as regard to it. I had only one day to 
get ready my experiments and all. I got there Thursday morning by 
the 9.45 train, and just had time to rig up the experiments for the evening. 
Everything went off very well and the applause was great. It was a 
very fair audience in a large hall, and was the biggest show I had attended 

so far I think it is quite probable I may be elected a member of the 

Royal Society of Canada next year — ^an F.R.S. on a small scale, so you 
will wear, on your arrival, your blushing honours thick upon you. 

23 June 1 899. I am just beginning to reflect on the amount of just cussing 
I must have caused you all, by missing the ’Frisco mails with unfailing 
regularity. I got at the bottom of the matter this morning, when I 
found that the list of mails closing via ’Frisco only referred to ’Frisco, 
although it was issued by the P.O. Department here. The consequence 
is that all my letters have been posted about four days late for the mail. 

I have been caused to reflect on the matter by receiving a cable from 
home asking me if I was well. The cable I wouldn’t have minded much, 
but having to stump up eleven dollars for the return wire was too much 
for me lam working and playing tennis and bicycling at odd times. 

1 forwarded ‘David Harum’ to you, which I hope you will like. 

2 July 1899. Yesterday was Dominion Day — ^the Anniversary of the 
Federation of the different provinces of Canada, and as such was kept 
a high hohday. It was a windy day with a temperature of about 84 in 
the shade, so it was quite hot enough for yours truly without taking 
much violent exercise. 1 worked a Httle in the Lab. in the morning, 
had lunch at the Cox’s and went for a small picnic on the other side of 
the mountain. . .. 

I have been working fairly steadily lately and have been fortimate 
enough to hit on some rather interesting things which occupy most of 
my time. I occasionally find time for a short bicycle ride or a game of 
tennis. The Lab. w very fine and cool in the hot weather and very 
pleasant to work in. Today, Vaughan, Clay and I went for a run over 
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to the island (St Helen’s) by boat, to a sort of Harry and Harriet’s 
ground, which is much frequented on a Sabbath day by the French 
population. It is rather a pretty place, well planted, but spoilt by the 
host of papers thrown about by careless picnickers. 

fon 23 July 1899, J* J- Thomson at Cambridge wrote a long 
letter to Rutherford about the latter’s paper on the ‘emanation’ from 
thorium, and on the active deposit obtained from the emanation. He 
was particularly surprised at the emanation’s retaining its radioactive 
properties after being bubbled through strong sulphuric acid. He was 
no less astonished at the fact that the active deposit tended to collect 
on a negatively charged rod and not on a positively charged rod. He 
suggested the use of a C. T. R. Wilson cloud-chamber — then in its 
early stages of development. 

J. J. added that, in his own work, he had found that the ratio of charge 
to mass, for the negative ions due to ultra-violet light, was the same as 
for the cathode rays, proving, as we should state now, that both types 
were electrons. “lam inclined to think that at low pressure negative 
electrification may be produced — ^while the positive charge remains 
the big atom. ’3 

RUTHERFORD TO MARY NEWTON 

Sept. 1899. Lectures have already begim and the professors are collecting 

together for the fray. Walker, Owens, Carter, etc., are back Owens 

has just got back firom Cambridge, where he had a good time, and met 
all my friends and brings back reports of their doings. From what he 
says, I evidently left quite a considerable reputation, but modesty forbids 
to tell the stories he tells. I believe Bovey when he was in England had 
everybody telling him what a good man he had got until he got tired 
of it at times. The trouble is that Callendar left such a reputation behind 
him, that I of necessity have to keep in the background at present, but 
I beheve J. J. rather knocked the feet off Bovey, who started with J. J. 
by saying “Of course we were all very sorry to lose Callendar.’’ The 
reply was “I don’t see why you should be, you got a better man anyway.*’ 
I am getting rather tired of people telling me what a great man Callendar 
was, but I always have the saise to agree. As a matter of fact, I doa*t 
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quite class myself in the same order as Callendar, who was more an 
engineering type than a physicist, and who took more pride in making 
a piece of apparatus than in discovering a new scientific truth — ^but this 
between ourselves. By the time you arrive they may possibly begin to 
know the real state of affairs, as I have several fnends on the staff who 
have strong views on the subject. 

I am very busy with research work just now, I have three men going 
at research and one lady, I have to look after them at first pretty closely. 
I am giving a course of postgraduate lectures this year on Electrical 
Waves and Oscillations which will give me a good deal of trouble to 
arrange. This is the first thing of this kind ever done here and rather 
surprised them when I suggested it. 


18 Nov. 1899. My work is progressing very satisfactorily. I am in the 

throes of composition of another paper Professor Poynting of 

Birmingham was round here last week and I had a good time taking 

him round My chief solace at present is to keep working. I hope to 

finish several papers before I get out to New Zealand, in order to rest 
my oars a litde when I get back with you. I have an F.R.S. in my mind’s 
eye and hope I won’t have to wait too long for it. 

2 Dec. In your last letter you mentioned that I hadn’t mentioned if I 
was doing any research work. My dear girl, I keep going steadily 
turning up to the Lab. five nights out of seven, till 1 1 or 12 o’clock, and 
generally make things buzz along. I sent off on Thursday another long 
paper for the press which is a very good one, even though I say so, and 
comprises 1000 new facts which have been undreamt of. . .suffices it to 
say diat it is a matter of considerable scientific moment. I have been 
working with the rare materials uranium and thorium, which give out 
a kind of X rays continuously for no apparent reason. I have found out 
that the thorium in addition gives out a lot of radiation. This makes the 
third paper I have sent for publication since my arrival, so I haven’t done 
so badly. I have a gfeat deal of work on hand some of which I hope to 
finish up before I leave for New Zealand, so that I can take a hoHday 
with a clear conscience. 


31 Dec. 1899. I am writing this on the last day of the old year before 
going out to lunch with the Rev. Barnes, Unitarian Minister, whose 
son is demonstrator in the Lab. He is one of the best preachers, and a 
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well educated man. His son, about 27, is the best man in physics here. 
We are giving him his D.Sc. degree shortly. I have at last buckled to 
and looked into the matter of the time-tables, fares, etc., to New Zealand 
and have settled my plan of action. Lectures end on March 28, and I 
have to be at San Francisco on April i8th to arrive in New Zealand on 
May 9th, so I shall not have much time to get my exams, through. 
We are not supposed to leave McGill tiU the end of April, when 
Convocation meets, but I will be allowed leave, so I am told, for such 
a unique occasion. I am not quite sure but I think I shall go to San 
Francisco, via Chicago and the States, as it will be shorter in time. 
I shall probably leave here April nth. I have decided we shall come 
back via C.P.R., which I think meets your requirements; so I am taking 
a return fare for twelve months as it saves a good deal. My travelling 
fare (return) will be about 530 dollars, but this does not include Pullman 
berths, meals and so forth, which will amount to about another 100 
dollars in all. By the time I get back to Montreal, and paid your fare 
back, we shall probably have blown about 1250 dollars altogether, as I 
intend to travel comfortably on our honeymoon. Anyhow I shall 
probably have about 1000 dollars in hand when we arrive for furnishing 
etc., so we shall be able to make a fair start. I expect you are anxious 
to start housekeeping your first winter, but we will see what we can 
do anyhow to prepare for a run to England pretty soon. I have been 
working very hard this vac., and hope to get an important paper done 
before I leave for New Zealand, as I don’t expect to do anything more 
for six months at least, till I have got you comfortably settled somewhere. 

. . . Work begins again in four days. It was about 10 below zero today, 
and yesterday, with a wind, was about the coldest day I have felt. In 
a seven minute walk to College I got my ears frozen. A cabman told 
me in time, so I rubbed them with snow and they didn’t swell up much 
afterwards. I am wearing a fur cap today to keep my ears safe. 

Everyone is much interested to have a look at the strange creature 
I am going to bring from New Zealand. I am sure you will find a 
number of friends you will like among the CoUege people, who will do 
anything diey can for you. Professor Owens, the electrical engineering 
professor, is a great friend of mine. He is taking a flat next year and his 
chief object in doing so is to prepare for suppers for you and me, etc. 
In fact he said he designed his quarters especially with that object in 
view. 
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THOMSON TO RUTHERFORD 

21 Dec. 1899. Your second paper arrived safely and I have sent it to 
the PhU. Mag., your first paper ought to have been in the December 
number as I passed the proofs for it at the beginning of November. 
I think they must have intended to have a double number and then 
changed their minds. Your results are exceedingly interesting, the idea 
that I got on reading the experiments was that the radioactivity was 
due to thorium vapour or emanation which was carried by the ions — 
I mean that the emanation in the field tended rather to condense round 
the positive ions than the negative ones as we might expect an electro- 
positive substance to do. I see Giesel makes out that the radiation from 
polonium is affected by a strong magnetic field; if this is so, it might be 

worth trying whether your emanation from thorium were so affected 

Remember me to Owens and with best Christmas wishes from my 
wife and myself. 

In 1900 Henri Becquerel and Rutherford had a dispute as to the 
stoppage of alpha rays by thin aluminium sheets. Rutherford contended 
that the alpha particles lost speed and were then more easily deflected 
by a magnetic field. Becquerel was led by experiment to a contrary 
opinion, but on further investigation he found that Rutherford was right 
and made a ‘handsome acknowledgment*. 

RUTHERFORD TO MARY NEWTON 

Montreal: 4 Feb. 1900. J. Macmillan Brown wrote to me a day or so ago 
and tells me he is off again to England. He seems to think I might want 
to go for the chair at Christchurch but I don*t feel very keen about it. 
There is no lab. and it would be very difficult to get much of a lab. and 
I would have to stay there all my days. I am afraid I would be very 
discontented there without a good lab. and I still have a certain amoimt 
of ambition. ... I don't think you will mind Canada for a few years for, 
between you and me, I don't regard myself as finally settled here, but 
hope to get over to England some day. 

3 March 1900. Relief of Ladysmith. I am getting my work in order for 
my departure. The Faculty today gave me an Honorary M.Sc. Degree. 
I was not keen on it, but they evidently wanted to do it. I shall probably 
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be elected a member of the Royal Society of Canada soon, a very select 
body. I shall also soon be elected a member of the American Physical 
Society also a very select body. 


TOWNSEND TO RUTHERFORD 

27 March 1900. I am glad to hear from you and to have news of your 
doings. You seem to be pretty busy, I wish we had opportunities here 
of doing work outside the Cavendish as I must confess that eternally 
working at ions is beginning to be tiresome. 

I have just come back from Aldershot having joined the volunteers, 
the war has induced a lot of men to join. We had a fine rough time of it, 
but it was so complete a change that I thoroughly enjoyed it. This is the 
fint opportunity that I have of writing since I got your letter and have 
not had a minute to examine your problem and I suppose it is too late 
to try it as you wanted the solution before ist of April. 

There was a great rag on here the night of the relief of Ladysmith. 
There was a large fire in the market square and a band playing. The 
police arrested several undergrads (Westlake among them). They were 
had up next day and fined heavily (^10 each some of iem) by the 
Mayor and other pro-Boer magistrates. The people kicked up a great 
row about it and a petition was sent to Parliament to have the under- 
grads given a free pardon and the Home Secretary has just written to 
say that he has recommended the Queen to pardon the ‘ felons \ It is a 
great score off the Mayor, There are all sorts of attacks made on his 
house and he has to be guarded by the police as the undergrads want his 
blood. 

Everybody has been so excited about the war that there has not 
been much work done this term. I suppose you saw in the papers that 
Preston is dead. I am very sorry for him as he was an extremely decent 
chap. 

H. A. Wilson has been away in Germany for two terms, he has got 
the Allen scholarship ;(^25o for one year which is a very nice little 
requisition. 

Here follows a letter by the illustrious G. F. Fitzgerald, who suggested 
that a shortening of the length of a body in its line of motion, to an 
extent dependent upon its velocity, would account for the failures or 
‘null* results of the Michelson-Morley experiment made to determine 
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the motion of the earth through space (or ether) by experiments wholly 
conducted on the earth’s surface. The Fitzgerald shortening became 
merged in the great principle of special relativity enunciated by 
Einstein. 

FITZGERALD TO RUTHERFORD 

Trinity College, Dublin: 5 May 1900. Let me call your attention to a 
note in “The Electrician” (May 4th p. 39) on a German Post Office 
experiment on Poulsen’s telephone in which he records telephone 
messages by manufacturing consequent poles on a long steel tape in just 
the way I advised you to record Hertzian radiations when you were 
working at their magnetic effects at Cambridge. I would suggest your 
returning to those observations of yours and seeing whether it would 
not be possible to do as I suggested because it would be a very rapid way 
of receiving wireless telegraph messages, not involving coherers and 
decoherers etc., and besides, of recording the messages conveniently. 

We were very much interested in your thorium experiments. There 
seems no doubt that there is some emanation from the thorium. I see 
in the same “Electrician” (p. 41) that Debieme says he has isolated a 
substance he calls actinium which he thinks is the active material in the 
thorium experiments. This actinium gives out something that is mag- 
netically deflected, but I am not sure that this is not almost always 
present to a small extent in all these cases and that it is merely the very 
powerful ones in which it has been observed. This magnetically deflected 
emanation must be of the nature of Lenard and Cathode rays — ^probably 
disembodied electrons: J. J. prefers to call them corpuscles. I have got 
some thorium, but we are all too lazy here to do experiments and indeed 
between National Education Boards, Veterinary College Boards, Tech- 
nical School Boards etc., etc., one gets sick of doing anything. 

Poulsen’s method of recording signals on moving steel tape or wire 
is the same scheme«as that adopted by Marconi for recording signals in 
his magnetic receiver. It was later used for recording telephone mes- 
sages and, in various forms and under various names, is in frequent 
use today for delayed speech, putting it into ‘cold storage* until it is 
required ^ain. 

During the yean 1899 and 1900 a number of papen appeared in the 





Philosophical Magazine written by Rutherford, sometimes with his 
research students, such as Grier and Miss Brooks. These contributions 
indicate enormous industry. |He showed that the rays from uranium 
were not reflected or polarised, as some had suggested; He tested the 
ionisation due to alphas in half-a-dozen different gases and found the 
total effect varied but little in them. In January 1900, he clearly stated 
that thorium emanation was material^ consisting of very small particles, 
themselves radioactive. He had named the three types of radiation, 
alpha, beta and gamma. ViUard had found that the last named radiation 
resembled X-rays in that they were not deviable by magnetic forces. 
As the betas were about one hundred times as penetrating as the alphas, 
so the gammas were about a hundred times as penetrating as the betas. 
Rutherford was sharpening his weapons for the attacks which were 
soon to follow — attacks on the main issues. His discovery of the 
emanation and active deposit of thorium placed him quickly m the 
first rank of investigators. His statements were not guesses; they were 
all deduced by repeated experimental tests. He had certainly earned 
his summer holiday, which was made long enough to enable him to 
visit New Zealand, see his parents, marry Mary Newton and return with 
her to Montreal, where they settled down in the autumn in a com- 
fortable little house on an economical scale. They had both learnt the 
value of money in a hard school; it was a lesson that he did not forget, 
and perhaps it quickened his generosity. 

In the summer of 1900, there came from Oxford to the Department 
of Chemistry at McGill, F. W. Soddy, a young man, versatile, full of 
energy and ambition. Rutherford naturally needed help on the chemical 
side of radioactivity, and he turned to the Macdonald Research Pro- 
fessor of Chemistry, who was not attracted by the work (he was an 
organic chemist), thereby missing one of the great chances of his life. 
But when the opportunity came to Soddy, he seized it with alacrity, 
so that a partnership was established in which Rutherford was naturally 
leader, but the combination was powerful and led to astounding 
results. 
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It must be remembered that after research work has been completed 
in the laboratory, time and care are necessary in writing, preparing 
tables and diagrams, and getting the material ready for the press. 
Rutherford always insisted on great attention to the preparation of 
papers, both in style and matter; there must be clarity and sequence. 
After the paper was prepared, it took yet more time for the post to 
carry it to England; then there was further delay in printing and finally 
some kind friend in England would read the proofs. Altogether, there 
is quite a lag in time between a discovery and its pubheadon, particularly 
when an ocean-crossing is involved. At a time when the leading savants 
in Europe were compering in the acquisition of new results in radio- 
activity, it was difficult for Rutherford to hold the lead, but he did so 
by ingenuity and industry. 

In 1900, Debieme discovered another radioactive element which he 
called actinium and this was rediscovered two years later by Giescl 
who called it the ‘emanating substance*. It soon became clear that there 
were three emanations belonging to three different groups, or families — 
radium, thorium and actinium. These could be readily distinguished 
because they decayed to half-value in three widely different periods 
of time, namely, nearly four days, a minute, and three seconds re- 
spectively. These radioactive gases are today called radon, thoron and 
actinon, and they belong to the same class as the stable gases, such as 
helium, argon, neon and the like. This statement is premature as regards 
the historical order of discovery, but helps in clarity. Rutherford had 
already proved (Phil Mag, Feb. is)00, p. 171) that the induced or 
excited radioactivity (active deposit) was due to the emanation and 
was not due to the thorium itself or to any sort of radiation from it. 

There is little written record of Ruthcrford*s life during the year 
1 900, and for the b^t o f reasons. He went to New Zealand to marry 
Mary Georgina Newton, only daughter of Ardiur Charles and Mary 
de Renzy Newton of Christchurch, New Zealand, He saw his parents 
at his old home, so that few letters passed. With his wife, he returned 
to Montreal in the autumn and lived in a house on St Famille Street. 
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THOMSON TO RUTHERFORD 

Cavendish Laboratory ^ Cambridge: 15 Fek 1901. I had a letter from Dom 
lately, complaining that you had not sufficiently acknowledged his 
work in your paper, and wanting me to communicate with the Royal 
Society a paper asserting his claims. I wrote to him that all that had 
appeared was an abstract, and that I was sure he would find when he 
read the complete paper that you had suitably acknowledged his work. 
With regard to the Royal Society, Whetham is up again and will I hope 
get in. I think it would hardly be poUtic to run another candidate 
prominently connected with the Cavendish Laboratory as there would 
be very little chance of their both getting in, while one alone would be 
almost certain, so I should think the best poUcy would be to nm one at 
a time. We are very busy and have a good many men working here, 
among them two Canadians — Patterson and Baker — ^who are both 
doing well. I am at present working at some experiments to decide 
whether the corpuscles have masses other than electrical. I am just 
finishing a paper developing the idea I published last February that the 
ionization in the discharge tube is due to the motion through the gas 
of other ions. I find that it links the various phenomena very well 
together and is I feel convinced the right explanation. Townsend, as 
you know, has left for Oxford, he could not find accommodation at the 
Clarendon Laboratory and so is working at the Observatory. 

RUTHERFORD TO HIS MOTHER 

Montreal: 2 April 1901. You have probably been aware for several 
days that you have now the honour of being a grandmother. I hope 
Father feels correspondingly dignified after reaching the stage of grand^ 
father. The baby much to Mary’s delight, is a she, and is apparendy 
provided with the usual number of limbs. There is much excitement in 
college and on the night of her arrival 1 was toasted at a whist party. 
It is suggested I should call her Tone’, after my respect for ions m gases. 
She has good lungs, but I believe uses them comparatively sparingly 
compared with most babies. The baby is of course a marvel of in- 
telligence and we think there never was such a fine baby before. I hope 
Pater is well— enjoying life — and meditating on the probable numl^ 
of his grandchildren. 
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The daughter, bom 30 March 1901, was named JBileen Mary, and she 
was an only child. 

Rutherford received several offers of positions in the leading Uni- 
versities of the United States of America, and at one time Columbia 
University endeavoured to build up a great school of Physics there by 
sending tempting offers to secure J.J. Thomson and Rutherford together. 
However their offers were not accepted. On 20 March 1901, Rutherford 
wrote to J. J. Thomson asking his advice about P. G. Tait's chair at 
Edinburgh which had become vacant. 

RUTHERFORD TO THOMSON 

26 March 1901. I think you know fairly well my position here. The 
laboratory is everything that can be desired, and I am not overburdened 
with lecturing. I am very comfortably situated, and have practically a 
free hand in the laboratory. On the other hand the salary is not very 
great and does not go very far in Montreal, where I think the cost of 
keeping a household is considerably greater than in England. 

After the years in the Cavendish I feel myself rather out of things 
scientific, and gready miss the opportunities of meeting men interested 
in Physics. Outside the small circle of the laboratory, it is seldom I meet 
anyone to hear what is being done elsewhere. I think that this feeling 
of isolation is the great drawback to colonial appointments, for unless 
one is prepared to stagnate, one feels badly the want of scientifec inter- 
course. I appreciate the fact that it is a very important Chair for a young 
man to apply for, but 1 thought that such an opportunity might not 

occur for years I have now had a good deal of experience in arranging 

and managing laboratory classes and also in lecturing to large classes. 
My class in Electricity and Magnetism this year was over a hundred. . . . 

Your corpuscular theory seems to take the field in Physics at present. 
I have been reading the Paris report on the subject. We are having a 
great discussion on,the subject tomorrow in our local ‘Physical Society* 
when we hope to demolish the Chemists. I was sorry to hear of your 
Mother’s illness. With kind regards to Mrs Thomson. 

THOMSON TO RUTHERFORD 

12 April 1901. As I cabled you, I think you had better stand for the 
Edinburg Chair, if you wish to return to England. 1 do not think 
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the chances of your getting the post very promising, as Knott has been 
doing the work for some time, and has a good deal of local influence — 
the election too is made by a body of local men who do not know 
anything of Physics, so that local influence will be especially powerful 
in this case: at the same time, I think the candidature will do you good, 
as it will let people know that you are willing to leave Montreal, and 
your name will naturally come up if other vacancies occurred. I think 
that Townsend gained considerably by going in for Glasgow though 
he was not successful. I think from what I have heard that the field for 
Edinburgh is likely to be considerably larger than that at Glasgow which 
was unaccountably small. I quite appreciate the isolation of scientific 
workers in the Colonies, it was that made Threlfall give up Sydney. 
I hope that by now your wife and yourself are quite strong again. Is 
there any chance of your coming over this year ? We should be delighted 
to see you. We have a great many people working at the Cavendish 
and some interesting experiments going on on the electrical properties 
of thin films. I think on the corpuscular theory of metaUic conduction 
a great deal of information is to be got from the study of these and 
I hope to be able to get in this way the mean free path of the corpuscles 
and hence the velocity of these under electric force in the metal. 

I suppose you have seen Debieme’s work on actinium, a substance which 
is closely associated with thorium, and which has extraordinary powers 
of producing induced radioactivity; do you think there could have been 
any of this in your experiments on the thorium radiation? I am pre- 
paring for a new determination of using the ionization due to radium 
instead of Rdntgen rays. I think the greater constancy of the radiation 
will gready increase the accuracy of the determination. 

You will I am sure be sorry to hear that my mother died at the end 
of last month, it has been a great sorrow. 


25 April 1901. I congratulate you and Mrs Rutherford most heartily 
on your promotion to the responsible position of being parents. I know 
how much a child adds to one’s happiness. My wife will be writing to 
Mrs Rutherford to congratulate her. 

There is the prospect of an immense field for Edinburgh; among 
othen, is McGregor of Nova Scotia and an old pupil of Tait’s; he is 
coming over I believe to interview the electors. If things went well with 
yottr candidature 1 think it might be worth considering whether you 
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could not run over so as to be in a position to see the electors— a practice 
which is universal in Scotland. 

I was much interested in your experiments on the effect of temperature 
on the emanation which I was reading last night. . . . 

After due consideration no application was made for this Chair, 
and Rutherford, instead of being isolated, became himself a source and 
centre of attraction. 

SIR WILLIAM CROOKES TO RUTHERFORD 

1 8 Dec. 1901. I received your letter with enclosure for Dr Knofler. This 
I sent at once. His address is — ^Dr Knofler, Plotzensee, bei Berlin, 
Germany. I am sure he will send you some pure thorium nitrate, as he 
is large-minded and a thorough man of science. If, however, there is 
any delay or difficulty let me know and I will send you some of my own 
stock. 

I have followed your experiments and theories with great interest 
and shall be very pleased to receive the copy of the paper you say is 
soon coming to our Chemical Society. I am preparing a paper which 
may contain some matters of interest to you, and will send you a copy 
as soon as it is in type. 

M. Becquerel told me a curious circumstance a short time ago, and 
asked if I could verify it. He prepared some time ago an inactive 
uranium nitrate. Now, on repeating his experiments with that identical 
sample he found it had reassumed its radioactivity. I am at work on old 
compounds of my own to see if I can get similar results. 

The last paragraph of this letter is full of interest. ICrookes found that 
he could separate from uranium nitrate a small quantity of highly 
radioactive material (as judged by its action on a photographic plate) 
which gradually lost its efficiency, while the original uranium regained 
what it had at first lost. The period to half-value was ultimately shown 
to be about a month, while the radiation consisted of beta rays. 

This remarkable result of Crookes preceded Rutherford and Soddy’s 
fundamental experiment on the separation of thorium X from thorium, 
and their careful examination, by the etectroxope, of their decay and rise 
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curves, gave the clue to the inevitable theory of radioactivity which 
they so courageously formulated^ 

In December there was a letter from a friend suggesting that Ruther- 
ford should move from Montreal nearer to the ‘hub of things* by 
becoming a candidate for the chair of Physics at University College, 
London, in succession to Callendar, who had been appointed to the 
Imperial College of Science and Technology. The application docs not 
appear to have been made. 


RUTHERFORD TO HIS MOTHER 

Montreal: 5 Jan, 1902. I left for New York after Christmas in order to 
attend the meeting of the American Physical Society. The meeting was 
held in Columbia University, where I gave two papers which were 
pretty well received, as I am the only worker in the field of excited 
radioactivity in the English-speaking world. We had lunch in the body 
of the building, and there I met Sir Robert Ball, who is touring the 
States giving a series of popular lectures in astronomy. In the evening 
the mathematicians and the physicists joined together in a dinner at the 
Marlborough Hotel. 

There I met two Cambridge men I knew, who are teaching mathe- 
matics in this country, one at Johns Hopkins University and the other 
at a leading women’s college. Although it is one of the best of women’s 
colleges in America, most of the professors are men, and generally young 
men too. The place is governed by a lady dean who is an autocrat of the 
toughest type. She dismisses professors right and left, and it generally 
happens that Ithosc she sends off immediately get better appointments 
elsewhcre^such is the esteem in which the other universities hold her 
judgments. I believe it is quite sufficient for her to dislike the cut of a 
man’s trousers or his hair for him to be sent about his business. In 
addition a man’s position is untenable if he does not smile enough or 
smiles too much on the girls — so apparently things are difficult to adjust 
exactly to please the head. 

I am now busy writing up papers for publication and doing firesh 
work. I have to keep going, as there are always people on my track. 
I have to publish my present work as rapidly as possible in order to 
keep in the race. The best sprinters in this road of investigation are 
Becquerel and the Curies in Paris, who have d<Mie a great deal of very 
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important work in the subject of radioactive bodies during the last few 
years. 

About a year ago I received an offer to go as Professor of Physics to 
the University of Columbia at a salary of 3500 dollars a year. I have not 
considered the proposition seriously as it would probably not be so good 
a position as I have at Montreal. I want a much higher salary than that 
to tempt me away. 

Some of this information about the Women’s College may have been 
gathered from Prof. James Harkness of Trinity College^ Cambridge, 
who was for a time professor of mathematics at Bryn Mawr, and later 
was a colleague of Rutherford at McGill. Harkness is well known from 
his book Theory of Functions, the first to make this subject known to 
many English readers. He was a man of wide and sound learning, none 
too common at any time, and he had both sympathy and excellent 
judgment, so that Rutherford, like the rest of us, would often call on 
him and get his friendly and sagacious opinion whenever difl&culties 
arose or openings occurred. 

HARKNESS TO RUTHERFORD 

Bryn Mawr: 17 April 1902. I should very much like to go to Lord 
Kelvin’s reception on Monday night, but I am not quite sure whether 
I can get away. There is a journal club meeting at 2 on Monday afternoon 
followed by a Theory of Functions class. The first I must go to and as 
the class consists of graduate students it will not do to cut it. This 'will 
make it difficult to get away, and moreover there is the difficulty of 
getting back again. If the rush should not prove too appalling when the 
time comes, I shall turn up at the reception. 

McKenzie and I were very pleased at Miss Brooks getting the 
Fellowship. I must say I envy her the year under J.J. 

Look out for McKenzie at the New York meeting; he will count on 
seeing you. 

Ions are in the air here : is it action at a distance firom Montreal, or the 
more direct influence of Miss Brooks? 

My chemical colleague Kohler is extremely keen about the matter 
(is it fair to call it ^Matter’ ?). 
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THOMSON TO RUTHERFORD 

13 May 1902. I shall be very glad to give Miss Brooks permission to 
work in the Laboratory and to attend lectures and I am sure my wife 
and I will do all we can to make her stay in Cambridge pleasant and 
profitable. If she would like to five in Newnham College rather than 
in rooms in the town I wiQ sound the authorities and see if it can be 
managed. 

I got the papers about radioactivity yesterday, it seems to me that 
your explanation clears up a great deal of obscurity. I am glad it came 
before the chapters on Radioactivity in my book were printed off. 
I shall be able to introduce it and make the account much more con- 
nected. I am working at the increased conductivity produced in the 
air by bubbling it through water; it is extraordinary the analogy 
between this and the behaviour of an emanation. If you put a negatively 
electrified body in gas of this kind it becomes strongly radioactive — ^the 
activity dying away to about half value in half an hour, while, if the 
body is not negatively electrified, the induced radioactivity is very 
much smaller. When you have made a piece of metal radioactive in 
this way, it will stand washing in water, heating to a red heat without 
losing its property; the only difference between it and the ordinary 
induced radioactivity is that it is very much more easily absorbed, it 
will not go through paper or aluminium. These results make me doubt 
whether Elster and Geitefs induced radioactivity is really due to some 
rare substance; it seems to me it is probably made from vond and 
water! C. T. R. Wilson has discovered that freshly fallen rain is 
radioactive. 

Rutherford wrote to The Electrician, 25 July 1902, quoting his famous 
paper to the Royal Society in 1897 endded “A Magnedc Detector 
of Electrical Waves, and some of its AppHcadons*\ He ends with 
a few points of pardcular interest, not generally known: 

These results were obtained before Marconi began his well-known 
experiments in England. From experimental data on this subject, I had 
come to the conclusion that the ‘magnedc detector’ was inferior in 
delicacy to the coherer, and in the press of other scientific work, I had 
not paid much attendon to the subject. I have however used for over 
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a year a device very similar to that employed by Marconi in his latest 
form of receiver — namely, an endless band of steel wire passing through 
the solenoid in which the electric oscillations are set up., . .Marconi 
has apparently applied to the method the principle used by Poulsen 
for recording telephone messages with very successful results. It is to 
be hoped that further success will attend his efforts to use the magnetic 
receiver, which has many advantages over the erratic coherer, 

Rutherford and Barnes also obtained wireless signals on a train running 
at full speed past a station where a transmitter was set up. A coherer 
was used to complete the circuit and when each signal arrived the current 
sotmded an electric bell. This was done during a summer holiday, 
part of which was spent with his family in Canada at Kamouraska, on 
the south side of the St Lawrence river, not far from Rivi^c du Loup. 

RUTHERFORD TO HIS MOTHER 

Montreal: i Aug. 1902. I am at present engaged in writing a book on 
“Radioactivity'* which I hope to get through m a year’s time. You sec 
I have not taken into account Solomon’s injunction, “Oh, that mine 
enemy would write a book.” I have been very busy of late with work, 
but have also managed to take a little relaxation in the way of theatres, 
etc. Last week we went to hear Mrs Patrick Campbell in “The Second 
Mrs Tanqueray It was very well done and was the best thing we have 
had in Montreal for some time. 

At my lecture on “Wireless Telegraphy” I had the largest audience 
they had ever raised at McGill. They were stored everywhere, including 
some who were looking through a ventilator in the top of the roof. 
The experiments went off very well, I have promised to give a lecture 
before a church society on Wednesday evening on “Atmospheric 
Electricity” which, however, will be quite a small thing. I dislike the 
trouble of outside lectures, and try to avoid them as far as I can. 

I see New 2 ^alanB is again to the fore in the matter of contingents 
and is quoted here as a model colony. 

This was a period of great yacntific advance, for the joint work o f 
Rutherford and Soddy, dearly stating the fundamental principles of 
the theory of radioactivity, appeared in the Philosophical Magazine in 
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Sept, and Nov. I902.^hey had discovered that the emanation did not 
come direedy from the element thorium but from an intermediary 
which was called by them thorium X. Rutherford and Soddy studied 
their material electrically by its ionisadon effects with an electroscope. 
They found that thorium X, the immediate parent of the emanation, 
decayed away or disappeared at such a rate that half the amount was 
gone after four days. But as the thorium X lost its radioactivity the 
thorium regained its strength to an equal degree, so that the sum total 
of the two remained constant. This result is best illustrated by the rise 
and decay curves shown in the diagram. The shape of the curves indicates 



that the rate of decay is always proportional to the amount present and 
this means that the law is one of chance, or of unknown internal causes 
which cannot be affected by most violent physical and chemical changes. 
Mme Curie had already indicated that radioactivity was an atomic 
property, since chemical changes had no intiuence on its radiations. 
The observers soon began to talk of the atoms themselves rather than 
of the radioactivity due to the rays to which they gave origin. Prof. 
H. E. Armstrong was nearer the truth than he thought when he 
inquired, perhaps with a touch of scorn, why these atoms were seized 
with an ‘incurable suicidal mania\ 

Rutherford and Soddy accounted for their results by stating, i&Rtly 
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that there was a constant production of thorium X by the thorium; 
and secondly that the radioactivity of the new matter decreased steadily 
by an exponential law from the moment of its formation. They extended 
this rule and showed it to hold for other consecutive radioactive sub- 
stances. The statement actually made by them in italics reads The 
normal or constant radioactivity possessed by thorium is an equilibrium 
value, where the rate of increase of radioactivity due to the production 
of fresh active material is balanced by the rate of decay of radioactivity 
of that already formed.”] 

Rutherford was a wizard in the measurement of these quantities 
because of his long apprenticeship with ionisation at Cambridge. He 
was equally expert with an electrometer or with that simple but tricky 
instrument, the gold-leaf electroscope. The chemical difficulties were 
not small, because some preparations of thorium give off their emana- 
tion freely, while others have the habit of occluding the emanation. 
The rise and decay curves were subsequently shown to hold as between 
thorium X and the emanation; uranium and uranium X; and equally 
between radium and the emanation from it. 

f The rate of decay of radium emanation was published by P, Curie 
in 1902, while Rutherford and Soddy published their result in April 
1903. So too Becquerel had published in 1901 the rise and decay curves^ 
of uranium and uranium X, but the theory underlying these changes 
indisputably rests with Rutherford and Soddy] Every subsequent dis- 
covery in radioactivity has confirmed the laws they stated in 1902. 
Those who find more interest in the human rather than the scientific 
point of view may like to turn to page 342, where are the Rutherford 
arms, after he was made baron. See how the shield is divided into four 
by a St Andrew’s cfoss of bent lines. Those are the decay and recovery 
curves discovered in 1902. 

Rutherford and Soddy now directed their attention to the character 
of the emanations. Sir William Macdonald had presented a liquid air 
machine to the Physics Laboratory. It was duly installed and, as 
Rutherford stated, “Canadian air was for the first time liquefied”. 
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The emanation of thorium, or of radium, was allowed to pass fireely 
through a coil of metal tubing. When this coil was immersed in a Dewar 
flask containing liquid air, the emanation was condensed in the metal 
tube! Clearly then the emanations were gases — ^radioactive gases, 
something quite new. The fact that they were not altered by chemical 
treatment, such as bubbling through various weak or strong acids, 
indicated thatjthey belonged to the class of inert gases, such as argon. 

It is of interest that we have a first-hand account of these thrilling 
days of discovery from Prof Soddy {Old McGilU vol. 36, 1933, p. 19). 

Rutherford and his radioactive emanations and active deposits got me 
before many weeks had elapsed and I abandoned all to follow him. For 
more than two years scientific life became hectic to a degree rare in the 
lifetime of an individual, rare perhaps in the lifetime of an institution. 
The discovery that the emanations were argon gases, followed by that 
of thorium X as an intermediate product between thorium and the 
emanation it produces, led rapidly to the complete interpretation of 
radioactivity as a natural process of spontaneous atomic disintegration 
and transmutation. 

It is difficult amid the practically continuous vistas that were opened 
by these discoveries to single out the steps. The condensation of the 
emanations by liquid air, was one; the separation of thorium X was 
another. I remember how, in grim determination not to be outdone 
by a mere chemist, and to show him that physical methods were quite 
as good, Rutherford shook up some thoria with gallons of water till he 
was tired, then boiled all the water down triumphantly and produced 
from the residue a minute quantity of the new body. The first magnetic 
deviation of the alpha-rays by Rutherford, and later their successful 
electrostatic deviation, were also notable events. I recall seeing him 
dancing like a dervish and emitting extraordinary imprecations, most 
probably in the Maori tongue, having inadvertently taken hold of the 
little deviation chamber before disconnecting the high voltage battery 
and, under the influence of a power beyond his own, dashing it viiSently 
to the ground, so that its b^utifuUy and cunningly made canalization 
system was strewn all in ruins over the floor. 

One Saturday, at lunch time, I left him hard at it in the jUboratory 
over a refractory active deposit that was not behaving its^. When 
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I re-entered the Campus after lunch he was pacing about in front of the 
Physics Building with a smile that carried farther than words. As I got 
within hail I received the inspiring message — “Soddy, the darned 
thing’s going up.” It appeared that instead of decaying quietly, as all 
good active deposits should, this one had elected to grow. It was the 
first observed instance of delayed growth of activity due to the inter- 
vention of a rayless product in the series, which is now so familiar. 


It must be remembered that these early experiments at McGill were 
carried out with exceedingly feeble preparations of radium, only about 
1000 times radioactively as strong as uranium, whereas the Curies had 
prepared radium salts a million times more powerful than uranium. 
For that reason Rutherford’s first attempts at the magnetic deviation 
of the alpha particles were not successful. Success followed on his 
obtaining, through the kindness of Madame Curie, a preparation of 
radium 19,000 times as strong as uranium, and even this material was 
only one part radium to ninety-nine parts of barium 1 

On 3 October 1902, J. C. (afterwards Sir John) McLennan wrote to 
Rutherford from the University of Toronto a graphic and terse account 
of his experiments at Niagara Falls. 

I found that a well insulated wire, extending well up into the Falls, at 
least 100 yards long, kept the charge up day and night negatively at 
from 8000 to 10,000 volts. This seemed to indicate that the water, in 
falling, acquired a negative charge and that the spray gave it up, in 
passing, to the suspended wire. 

McLennan always found a great inspiration in Rutherford and deter- 
mined to secure for Toronto a Physics Laboratory as good as that at 
McGill. He succeeded in getting a better, and he also attracted an able 
group of research itudaits around him. He never secured for them the 
same large freedom of thought and action which was a chief distinction 
of Rutherford wherever he went. The two men continued on most 
fnendly terms in peace and war work, for Rutherford appreciated 
the zeal and determination of McLennan in the face of opposition and 
difficultiiK of a formidable character, some of which were perhaps 
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avoidable. When McLennan retired and lived in England, Rutherford 
and he worked together with enthusiasm in the promotion of a scheme 
for the treatment of cancer with the gamma radiation from radium. 

These early days at McGill were perhaps the most remarkable of 
Rutherford’s life. Here was a young man working at first all alone 
and almost the only help he got was to be told that he was wrong ! 
Soddy was a staunch ally, and his chief, John Cox, the Director of 
Physics, was his loyal supporter. 

Prof. Norman Shaw has told the story well {McGill News^ Dec. 1937) : 

When Rutherford was working on the detection and isolation of the 
numerous members of the radium family and developing the theory of 
the disintegration of matter, there were several occasions when colleagues 
in other departments gravely expressed the fear that the radical ideas 
about the spontaneous transmutation of matter might bring discredit 
on McGill University ! At one long-remembered open meeting of the 
McGill Physical Society he was criticised in this way and advised to 
delay publication and proceed more cautiously. This was said seriously to 
the man who has probably allowed fewer errors to creep into his writings 
and found it less necessary to modify what was once announced than 
any other contemporary writer) At the time, he was distinctly annoyed 
and his warm reply was not entirely adequate, for in his younger days 
he sometimes lost his powerful command of ready argument, when 
faced with unreasonable or uninformed criticism. 

Immediately John Cox quietly rose to his support, and gave a clear 
review of the new ideas. Cox not only revealed incidentally his own 
grasp of the validity and significance of Rutherford’s discoveries, but 
ended rhetorically with a stirring prediction that the development of 
radioactivity would bring a renown to McGill University by which in 
the future it would be widely known abroad. He ventured also to 
predict that some day Rutherford’s experimental work would be rated 
as the greatest since that of Faraday — an opinion now held by the 
majority of those competent to judge. 

RUTHERFORD TO HIS MOTHER 

Montreal: 27 Oct, 1902. I think when I last wrote to you I was going to 
Toronto on the Grand Trunk to do some experiments in wireless 



1903] EMANATIONS CONDENSED 89 

telegraphy. They came off very well with the train travelling at 6o miles 
an hour. We got signals over eight miles from the station. I have been 
very busy lately with experiments of all kinds. We have just installed 
our hquid air plant. It is going first-class and will produce about a quart 
of hquid air per hour. We were very successful in finding tliat the 
radioactive emanations or gases from radium and thorium were con- 
densed by the intense cold by passage through a tube immersed in hquid 
air. This was at a temperature of about 200 degrees below freezing point. 
The point is valuable as showing that the view I have held ah along is a 
true one. These gases for a time possess the power of giving out X-rays. 
I think I have got several rather good things on hand. I think I have 
proved the existence of a type of radiation from the earth which wiU 
go through 100 feet of iron. The result has important bearings on the 
problem of the production of electricity in the atmosphere. 



CHAPTER IV 


EARLY TRIUMPHS 

Rutherford was always interested in the alpha rays because he quickly 
understood that their energy was far greater than that of the beta 
and gamma rays combined. The magnetic and electrical deflection of 
these rays was one of his great results. This was published in the 
Philosophical Magazine for Feb. 1903, and the actual experiments were 
carried out with remarkable ingenuity — even for Rutherford. 

He arranged for the alpha rays to pass between a number of parallel 
plates, not far apart, into an electroscope which detected them. He 
then appUed a magnetic field which caused the alphas to swerve side- 
ways into the plates, and foimd, of course, that they did not then reach 
the electroscope. Yes! — but which way did they swerve? To fiind 
this out he covered one half of the openings between the tops of the 
plates with litde lids. When the magnetic field was in one direction 
the alphas were caught by these half-lids, but on reversal of the field 
they escaped through the openings. Thus Rutherford made quite sure 
that the alpha particles bent the opposite way to the beta particles; 
the alphas were therefore positively charged; for the betas, which are 
swift electrons, are negatively charged. ^ 

He then made alternate plates positive and negative electrically and 
proved that the alpha particles were repelled by the positive plates 
and attracted by the negative, as was expected. He was able to measure 
fairly well the amount that the alpha particles were deflected both by 
his magnetic fields and by his electric fields, which were also measured. 

Hence he found, by easy calculations, the velocity of the alpha 
particles to be about 2*5 x io 9 cm. per second, or about 15,000 miles 
a second; he also found that their electric charge per unit mass was 
6000, which figure indicated that the alpha particles were either hydrogen 
or helium. This courageous experiment was carried out with great 
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difficulty, and for a first attempt was a magnificent achievement. 
Rutherford also found by experiment a fair estimate of the number 
of alpha particles which leave a gramme of radium every second — 
about a tenth of a full billion. This work, done at McGill, is sometimes 
overlooked, because later and better experiments made at Manchester 
by Rutherford and others have given far more accurate results. 

My own first meeting with Rutherford was at McGill in January 
1903. Rutherford was already famous, radium was the rage and the 
radioactive theory of the break-up of atoms was a topic of supreme 
interest. Journalists besieged the Physics Laboratory and wrote fabulous 
and fantastic stories until they were forbidden the sacred precincts. 
Authoritative accounts of papers and meetings were therefore issued; 
but, though the statements were sound, they were not generally under- 
stood. 

At this first interview I realised that Rutherford’s eyes had a curious 
fascination. As you looked at them, you began to understand the saying : 
“If thine eye be single, thy whole body shall be full of light.” I asked 
whether there were any chance of joining him in October; he said 
there might be, and it was so. This was rather an impulsive step, but 
I have never regretted it. 

The generosity of Sir William Macdonald was a large factor in 
Rutherford’s success. He had built and equipped the laboratory, 
endowed his chair and presented special apparatus when it was required. 
Macdonald was a remarkable man, who gave many millions for various 
purposes to McGill University. A bachelor, he lived very simply; 
a merchant prince, he prepared and sold tobacco wholesale, cash before 
delivery, so that there were no bad debts and the little book-keeping 
required only a small staff. Smoking he detested as a *filthy habit’. 

He always felt regret that so many of the students left Canada for 
the States. When he attended a lecture by John Cox with displays of 
electricity passing through gases, he exclaimed, “How beautiful and 
how useless ! ” but later he said that all his expenditure was fully justified 
by Rutherford’s results alone. 
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As a newcomer, I was working with gamma rays in the basement when 
Rutherford rushed in breathless. “Open the windows, put away your 
pipes, hide your tobacco.” “All right, but what is the trouble?” 
“Hurry up! Macdonald is coming round the laboratory.” We were 
all, men and laboratory, dependent on the sale of tobacco, but to use 
it was a crime ! 

Macdonald’s gift of the Uquid air machine led to the condensation 
of the emanation^ and the actual tube in which this was effected is much 
treasured at McGill. 

There was a further fruitful gift of five hundred dollars for the 
purchase of radium and Rutherford bought from Prof. Giesel of 
Brunswick 100 milligrammes of well purified radium bromide which 
contained about 75 per cent of the radium element. Rutherford and 
Soddy had already suggested (Phil. Mag., 1902, p. 582) that helium 
might be a product of the disintegration elements, because this gas was 
usually present locked up within radioactive rocks. 

Many years afterwards, when he was awarded the Franklin medal 
in 1924, Rutherford gave an account of this period: 

In 1903, Soddy left Montreal to work with Sir William Ramsay on 
chemical problems. In order to avoid unnecessary overlapping, I had 
outlined a scheme of future work before Soddy left Montreal. He was 
to tackle the important problem whether he could detect the growth of 
radium in purified uranium salts, while, as soon as sufficient radium was 
available, I was to examine whether heHum was produced from radium. 
In 1903 , 1 spent the summer in England and heard that practically pure 
radium bromide was being sold commercially by Professor Giesel at the 
very low price of about one pound per milligram. Ramsay and I both 
purchased some of this material. I remember well a visit I made to 
Soddy at University College on the day when Ramsay and he were to 
collect the emanation from about 20 miUigrams of radium to test 
whether they could detect its spectrum. Soddy told me he would take 
this opportunity of noting whether any hehum was released from the 
radium. That afternoon, the presence of helium was detected by its 

' Rutherford and Soddy, Phil M<^., May 1903. 
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spectrum. I loaned them my radium to confirm the important discovery. 
During the summer, I visited Professor and Madame Curie in Paris and 
found the latter was taking her degree of D.Sc. on the day of my arrival. 
In the evening, my old friend, Professor Langevin, invited my wife and 
myself and the Curies and Perrin to dinner. After a very hvely evening, 
we retired about ii o’clock in the garden, where Professor Curie 
brought out a tube coated in part with zinc sulphide and containing a 
large quantity of radium in solution. The luminosity was brilhant in the 
darkness and it was a splendid fmalc to an unforgettable day. At that 
time we could not help observing that the hands of Professor Curie were 
in a very inflamed and painful state due to exposure to radium rays. 
This was the first and last occasion I saw Curie. His premature death in 
a street accident in 1906 was a great loss to science and particularly to the 
rapidly developing science of radioactivity. 

The value of the electric charge per unit mass of the alpha particles, 
determined by Rutherford, had left it an open question whether the 
alpha particle was a hydrogen or a heUum atom. It had not then even 
been surmised that lead was the final product of radium, but all was in 
a state of uncertainty, so that the experiments of Ramsay and Soddy were 
awaited with interest. 

In the first experiment they dissolved in water 30 mg. of radium 
bromide, prepared three months before, and found heHum among the 
collected gases, which showed the characteristic line D3 of heUum. 

In the second experiment, they used the radium bromide that 
Rutherford had lent them for this very purpose and after removal of 
oxygen and hydrogen, and the condensation of the emanation and 
carbon dioxide with Hquid air, the remaining gas gave a practically 
complete spectrum of heUum. This indicated that heUum was a dis- 
integrative product lof radium, and increased the probabiUty that alpha 
particles were hdUum, but it did not decide the question. Further 
evidence was however forthcoming that the heUum was derived from 
radium emanation itself, which, newly separated, showed at first no 
heUum but after four days gave the spectra of emanation and of 
heUum. 
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On 13 July 1903, Soddy wrote to Rutherford: “You will have re- 
ceived our wire and heard the result of the second experiment with 
your radium.*’ The growth of helium from radium emanation was 
observed by Ramsay and by Soddy, who added that “it was a veritable 
triumph and we are very grateful to you for making it possible”. 

This year the Cambridge University Press published The Conduction of 
Electricity through Gases^ by J. J. Thomson. This book collected together 
all the wonderful work that had been carried out at the Cavendish 
Laboratory and elsewhere on ionisation, electrons, spark and arc dis- 
charges, and kindred subjects. It was a book constantly by our sides 
and contained many references to Ruthei^ord’s discoveries at Cambridge 
and Montreal. 

The Secretary of the Royal Society wrote {3 April) that he was glad 
to learn that Rutherford was coming to England in May. “You may 
be the lion of the season for the newspapers have become radioactive. 

I see that you are again monopoHsing most of the Phil. Mag. !” 

THOMSON TO RUTHERFORD 

14 April 1903. I sail for New York on May ist, so that I am afraid I shall 
not be in England when you arrive. I expect however to be back in 
England by the third week in June. I hope to find you still on this side 
and that you and Mrs Rutherford will be able to come and make a long 
stay with us. My wife had a litde daughter about a month ago. I am 
glad to say both got on exceedingly well. Miss Brooks has been getting 
some very interesting results with thorium, she finds that the emanation 
is able to produce induced radioactivity long after it has lost its power of 
ionising the gas around it; this, as you showed, becomes inappreciable 
after a few minutes, the power of producing induced radioactivity lasts 
for about two days. One of the men in the Laboratory recently tried 
whether a mass of thorium was hotter than the surrounding air, he 
found that it was so by about 1/300® C. I have found a radioactive gas 
in Cambridge water, or rather in that part of the water which comes 
from deep wells. Dewar liqueEcd for me the gas extracted from the 
water, then we allowed the liquid to evaporate, collected the gas diat 
Erst evaporated, and then separated the gas from the last portion of 
liquid — the latter was extraordinarily radioactive, while the former was 
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much less so than before Uquefacdon. We have got photographs of the 
spectra but have not yet measured them up. Hoping to see you. 

In 1903, Harper Bros, of New York made proposes for an artidlc 
on radioactivity to be written by Rutherford for their well-known 
magazine. Their letter contained a warning, to which Rutherford 
usually paid heed: “It is hardly necessary to suggest to you that our 
readers do not generally possess special knowledge of the subject you 
are treating, for which reason it is desirable to use as few technical 
terms as possible.” Recent rapid advances in science have made this 
warning of greater importance, and at the same time rendered its 
observance more difficult. Rutherford wrote a good clear statement as 
requested, although he was exceedingly busy with his first book 
Radio-activity. In 1903, then 32 years old, he received the honour of 
election as a Fellow of the Royal Society of London. 

H. L. Cooke was recommended by Rutherford to detect the gamma 
rays from the radium everywhere present in minute quantities in the 
earth. Cooke made a sensitive electroscope and found but Httle dif- 
ference when he screened it with some lead. “Try more lead”, said 
Rutherford. So Cooke piled up lead on all sides and found that the 
penetrating radiation was indeed present— only to create a new difficulty, 
for the radiation came from above, as well as from below. The exact 
words of Cooke in the Phil Mag., No. 6, 1903, p. 403 are: 

Experiment showed that the amount of penetrating radiation was 
approximately the same in the laboratories, on the roof, and on the 
ground outside the building; in fact this radiation seems to be present 
everywhere with practically uniform intensity. 

This report indicated that there must be radioactive matter in the 
atmosphere, which had indeed been detected by Bister and Geitel (1901). 

It must not however be thought that these experiments dealt with 
*cosmic* rays to any great extent, for Prof. Blackett states that the cosmic 
rays are but ten per cent of the gamma rays on dbie earth’s surface, as 
measured by the ionisation they produce. 
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In the summer of 1903, Mrs Newton came to England and was 
joined by Prof, and Mrs Rutherford and their litde daughter Eileen. 
They spent a month in Switzerland and some time in North Wales, 
where the rain was so constant that they moved to Chester, and here 
they were joined by Prof. Laing of Canterbury College, New Zealand, 
and by Mrs Rutherford’s brother, Charles Newton. Rutherford spent 
a busy summer correcting the proofs of his book. 

Walter Vaughan, Bursar and Secretary of McGill University, like 
the Principal, Sir William Peterson, was a warm supporter of Rutherford 
and his work. He wrote from Lake Placid, New York, where he had 
gone for a year of quiet and rest, suffering from tuberculosis: 


VAUGHAN TO RUTHERFORD 

II Aug. 1903. I have heard lots of your trip from Dr Peterson and Cox, 
and give you all sorts of cordial congratulations, especially on the 
acceptance of your theories — which is a triumph. More power to your 
elbow ! I am sure you must have got a great deal of pleasure and delight 
from the visits you have been making to your co-workers. But I almost 
wish there were less cause for congratulations, for I fear that some of 
these ‘ foreign devils ’ will be taking you up to the top of a high mountain, 
and showing you all the kingdoms of the earth — and you will succumb 
to the temptation. And thus we shall lose you ! 

You may have heard that I am hors de combat — off duty for a year. 
I sec that Soddy is suggesting a trial of the inhalation of radium gas for 
tuberculosis. How would you like to experiment on me? I am willing 
to be a martyr to science if you can give the gas a tobacco flavour. 

Physiologists wrote letters to Rutherford on the interesting effects 
produced when radium is brought near the eye. In a darkened room 
a rested eye, even with the lid closed, receives a sensation of light, 
no doubt due to the radiation going through the eyeball and affecting 
the retina. 

It was stated that while ordinary daylight swifdy bleaches the pigment 
known as visual purple, yet that twenty hours* exposure to 50 mg. of 
radium bromide at 2 mm. distance, acting through thin mica, did not 
bleach the pigment at all. 
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J. J. Thomson wrote with reference to an article in Nature (10 Dec. 
1903) by Rutherford on the Cavendish Laboratory: 

It seems excellent although the part of it where you speak of my work 
is too appreciative. We are very sorry to hear that the weather was so 

shocking in Wales, it can be bad there as I know to my cost I hope 

you wiU have a good time at the British Association; Lodge is to be 
there. Langevin came over to Cambridge for the presentation of the 
portrait. I was dehghted to see him and to find how htde he had changed. 


At the Southport Meeting of the British Association a discussion was 
opened by Rutherford, before a crowded sectional meeting, on the 
emanations from radioactive substances. In his speech he summarised 
aU the evidence available, and he also referred to Sir William Crookes’s 
instrument, the spinthariscope, where individual alpha particles from 
polonium are seen to strike a fluorescent screen — “the first time probably 
that we have observed any single atom effect.” He thought that the 
energy of radium came from the inside of an atom. He concluded by 
stating that “our theory explains everything that we know at present 
concerning the phenomena”. Sir Oliver Lodge then congratulated 
Rutherford and supported his views, after which he communicated 
a written statement from Lord Kelvin. 

Kelvin thought that radium received its energy “by absorption of 
ethereal waves”, that while beta rays were electrons, the gamma rays 
were simply vapour of radium, and the alpha rays were atoms of radium 
or radium bromide ! It is almost ludicrous today to put such views into 
print. However Prof. H. E. Armstrong expressed himself “ astonished 
at the feats of imagination to which he had listened”, yet he leaned 
towards Lord Kelvin’s view of an “external source of energy” and 
added that “chemists certainly had no evidence of atomic disintegration 
on the earth”. Rutherford in repl^ adhered to the internal, atomic 
energy source, and pointed out that the heat generation was proportional 
not to the mass of salt present, but to the amount of emanation. 

By this time (1903) Rutherford had setded the “genealogical tree” 
of the first five members of the radium family. Radium was the father 
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of radium emanation, who begat radium A, who begat radium B, 
who begat radium C. Then he met with a poser, which took him a year 
to solve. In the figure it may be seen that after the alpha particle leaves 
the radium atom that which remains 
is the emanation. Three successive 
products shoot out alphas, and as for 


Half Periods 


1600 years 





radium C it is a question of fire- 
works, for there are all three 
radiations (alpha, beta and gamma). 

Let us concentrate our attention on 
radium B, which Rutherford found 
to be ‘rayless’, although beta rays 
have since been found. Here is a 
most remarkable case of a man 
who confidently demanded the 
existence of a substance — of an 
element — for which no physical or 
chemical evidence was forthcoming, 
except that the laws of radioac- 
tivity, as laid down in 1902, proved 
that radium A did not turn directly 
into radium C but that there must 
be an intermediate body. In the 
same way, many physicists demand 
the existence of an ether to con- 
vey electromagnetic radiation and 
waves, even when they find them- 
selves unable to prove its existence, 
in spite of the rapid motion of the 
earth through the medium. As Lord Salisbury said to the British Associa- 
tion at Oxford: “The aether is tiie nominative case of the verb to 
undulate.” 

Long afterwards, 1 recalled to Rutherford the boldness of his creation 
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of radium B and he was himself impressed: “That’s quite a point”, 
he remarked. 

When Soddy reached England he was full of enthusiasm and gave 
a series of pubUc lectures on radioactivity which were fuUy recorded 
in The Electrician and it was feared that these might damage the sale 
of Rutherford’s book. Soddy also undertook to write a book on 
‘Radioactivity* and, although he proposed to emphasise the chemical 
side of the subject, there was much material which he had obtained 
from his colleague at McGill at lectures and otherwise. There is no 
doubt that Rutherford felt strongly on this question and he wrote 
a firm letter expressing his point of view. It was finally agreed that 
Soddy’s book should not appear until one or two months after the 
publication of Rutherford’s. 

Soddy freely and frankly acknowledged his debt to Rutherford in 
this statement in the preface to his book: “This task could hardly have 
been possible but for the training I have received in the subject from 
Professor Rutherford.” 

It says a good deal for both men that their friendship survived this 
strain and that Rutherford supported Soddy in his subsequent applica- 
tions for appointments, in his election as a Fellow of the Royal Society 
and for his Nobel Laureate (1921), as Soddy gratefully admitted. 

On 30 Dec. 1903, the ‘feature of the day’ at the American Association 
for the Advancement of Science at St Louis, Missouri, was a lecture 
by Rutherford on radium. Flasks of hquid air were sent by special 
mail from W ashington so that the condensation of the radium emanation 
could be shown to a large audience. He successfully showed this 
experiment and explained that a pound of the emanation, if it could 
be procured, would’ initially pour out energy at a rate equivalent to 
10,000 horse-power. He spoke in a guarded manner of the future 
possibihties of radium as a curative agent in special cases of cancer, 
and he touched on the prolongation of life on the earth owing to the 
heating effect of die radium content. 

Early in the year a letter arrived from Prof. J. Larmor, the Secretary 
. 7-3 
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of the Royal Society, conveying an invitation to Rutherford to deliver 
the Bakerian Lecture. The same day there arrived an interesting letter 
from J. J. Thomson, who wrote: 

It is exceedingly kind of you to dedicate your book to me, nothing 

could give me greater pleasure I understand that Soddy's lectures in 

The Electrician were the lectures he gave in London and Cambridge 

I don’t think you have any reason to be afraid that people will be 
misled. . .it may however interfere with the sale of the book a httle, 
though I should not expect to any serious extent ” 

The letter goes on to discuss the experiments relating to the detection 
of hehum in radium emanation, stating “I always when speaking on 
the subject point out how you had foreseen and indeed planned the 
experiment and that if it had not been for you it would never have been 
made. . 

Another letter came to Rutherford at McGill which gave him the 
greatest pleasure. It was written by W. H. (now Sir William) Bragg 
at Adelaide explaining how, working with Kleeman, he had made 
a testing chamber gradually approach a thin layer of radium and had 
thereby discovered that the alpha particles from radium and its subse- 
quent products had different but quite definite ranges in air.|Thus radium 
C shot forth alpha particles with about twice the range of those from 
radium itself, indicating a much higher explosive energy for the former. 
It thus became possible to identify a radioactive element by the length 
of the range of its alpha particles. It also became apparent that products 
with a long life had short ranges, and that quick changes meant long 
ranges.] 

Rutherford found that the length of these ranges could be measured 
equally well by ionisation, fluorescence or photography, and that 
alpha particles from radium C lost the power of producing these 
eflects when the energy fell below 60 per cent of its initial value. 

Larmor, writing (29 March 1904) to Rutherford &om St Helen’s 
Bay, Belfast, raised the interesting and difBcult question why, after 
the expulsion of the positive alpha particle, the residual atom 



HIS FIRST BOOK 


lOI 


1904] 

should not be negatively charged. The opposite is actually the case. 
For example, when a radium emanation atom (Rn) ejects an alpha 
particle, the residual atom (radium A) has a positive charge and moves 
towards a negatively charged wire. The alpha particle not only loses 
its own satellite electrons but, directly or through recoil, tears away 
one or more of the outer electrons of the residual atom. The fact is 
indisputable, however halting the explanation. 

About 1904 I was asked by Rutherford to make a sensitive, small- 
capacity electroscope the gold leaf of which would remain charged 
for two or three days. This I failed to do. So Rutherford said: “Lester 
Cooke used to make them; why can*t you? Get Jost the mechanic to 
make you one!** So I went to Jost and repeated this. He said: “If 
I could not make a better electroscope than Cooke, Td shoot myself! ** 
So he made a beauty to look at, but a bad one to go. Its leaf collapsed 
in twelve hours. This puzzled me. One night I could not sleep and got 
up in my diggings and made an electroscope of a tobacco tin, an amber 
mouthpiece of a tobacco pipe, and some Dutch metal foil; charged it 
with sealing wax and went to sleep. The leaf of this home-made freak 
electroscope remained open and charged for three days, and solved the 
problem. An electroscope made of material outside the laboratory 
would remain charged for 48 hours inside the laboratory, but all the 
material inside the building was contaminated and coated with active 
deposit including the slow period transformations of radium. Rutherford 
said “Good boy!** though I was eight or nine yean his senior in age. 
Precautions were then taken to prevent the escape of radon which had 
been at the root of the mischief, hitherto unsuspected. 

Rutherford’s book on radioactivity was pressed forward vrith all 
possible speed in order to forestall other authors who were writing 
on the subject both in England and abroad. W. C. D. Whetham revised 
the prooS and McClung made the index. The following extracts are 
from Whetham’s letters from Upwater Lodge, Cambridge. The frrst 
deals with an experiment of Ramsay and Soddy who passed sparks 
through radium emanation in a sealed tube and observed its spectrum. 
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As this gas diminishes always to half-value in little less than four days, 
at the end of twenty-eight days there would remain but one part in 
seven twos multiplied together, or one part in 128. They did m fact 
find it disappear from observation, while helium increased. 

WHETHAM TO RUTHERFORD 

26 July 1903. Many thanks for your papers which will be most useful. 
I am sending you two little ones of mine which I do not think I have 
sent you before. 

I am writing an article on radioactivity for the autumn number of 
The Quarterly Review^ and shall be glad to have your papers before me. 

In my first rough draft I mention your playful suggestion that, could 
a proper detonator be found, it was just conceivable that a wave of 
atomic disintegration might be started through matter, which would 
indeed make this old world vanish in smoke. 

I don’t know if you care to be thus reported in print, as I do not think 
you have published your views about the end of the world, but I make 
it quite clear that it was only a speculation, but, unless you give me 
permission to let it stay, I shall cut it out in my revised copy — 

13 Feb. 1904. That is a pretty work of Ramsay and Soddy on the 
vanishing of the emanation, which you describe in your new manuscript. 
I have not heard of it before. 

We were very much interested to hear you had been trying to detect 
N rays. Burke tried in the Cavendish Laboratory, also with negative 
results. Is it a physiological effect, or did Blondlot dream it? 

In the first letter Whetham refers to a joke of Rutherford’s that 
’‘some fool in a laboratory might blow up the universe unawares”. 
However, most transmutations require the expenditure of more energy 
than they liberate, ^ot so the uranium-radium and thorium families, 
which are still liberating an energy which was built up possibly in the 
sun, long ago before the earth was broken away from it by the near 
approach of another star^ 

As for the N rays, they were discovered by Blondlot in France. 
Many men in many laboratories tried to repeat his experiments without 
success. The rays were not a hoax, but a mare’s nest — unique in science. 
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Prof. R. W. Wood of Johns Hopkins University was persuaded to 
visit Blondlot and he ingeniously proved that the experiments and 
deductions had no relationship. He published a letter of his experience 
in Nature, Since that day there have been no N rays ! 

Rutherford’s first book, Radio-activity^ was issued by the Cambridge 
University Press early in 1904 and was dedicated to J. J. Thomson. 
Colleagues and reviewers alike received it with enthusiasm and perhaps 
the best brief criticism was that “Rutherford had not only extended 
the boundaries of knowledge on this subject, but had annexed a whole 
new province”. 

The interesting question arose whether radiation could evoke 
radiation. The answer was No. Radium emanation continued to trans- 


form at the same rate with lordly indifference as to whether it was 
condensed by liquid air on to a very small area, or whether the same 
amount of emanation was spread throughout a large container. Extreme 
heat, low temperature and enormous pressure had no detectable influence 
on the life history of the emanations; “in this respect the changes in 
radioactive matter are sharply distinguished from ordinary chemical 
changes.” {Radio-activity, p. 191.) 

I^ometimes experiments are made which are never published; thus 
Rutherford and Douglas McIntosh — a. clever chemist then at McGill — 
extracted some helium from the mineral thorianite, mixed it with 
radium emanation in a small discharge tube and sparked the mixture 
vigorously, using an induction coil, on the off-chance that the radium 
emanation and the helium would combine atomically to produce radium. 
This was not expected to happen and it did not take place, nor was it 
thought worth while to publish an attempt at a result so contrary to 
ejmectatioiJ » 

^odlewski — a clever and charming Pole — ^had come from Lemberg 
to work with Rutherford at McGill. In the early days of radioactivity 
we tried, without much hope, to deflect the gamma rays of radium in 
a very powerful magnetic field. As expected, it was a null experiment, 
but Godlewski thought there might be a better chance with the softer 
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rays of actinium. One morning he showed me his photographic plate 
with two distinct lines half-an-inch long, branching like the two horns 
of an antelope. He had used a magnetic field and reversed it. He was 
dancing with joy and greeted Rutherford: “I have completely deflected 
the gamma rays of actinium.” Rutherford glanced at the plate. “Do 
it again”, he said with a smile. “Certainly, I will do it at once”, replied 
Godlcwski; but he tried week after week without a shadow of success, 
and it may well be wondered what malignant sprite had placed the 
flaw in just the very place to delude the enthusiastic Godlcwski. Alas ! 
he, a physical chemist, died in Lemberg the victim of a slow and 
undetected escape of gas containing carbon monoxide^ 

By this time Rutherford had become a good lecturer and Prof. 
A. Norman Shaw has done good service in preserving for us a vivid 
picture (McGill Neufs^ Winter Number, 1937). 


Wimess the reactions of the eloquent John MacNaughton, Professor 
of Classics, who had shot many a satiric dart at scientists and their 
doings — ‘plumbers* and ‘destroyers of art* he has sometimes called 
them — but Rutherford seems to have captured him in one lecture. He 
wrote as follows in the McGill University Magazine for April 1904: 

. . We paid our visit to the Physical Society. Forttme favoured us 
beyond our deserts. We found that we had stumbled in upon one of 
Dr Ruthcrford*s brilliant demonstrations of radium. It was indeed an 
eye-opener. The lecturer seemed himself like a large piece of the expensive 
and marvellous substance he was describing. Radioactive is the one 
suflicient term to characterize the total impression made upc«i us by his 
penonality. Emanations of light and energy, swift and penetrating, 
cathode-rays strong enough to pierce a brick wall, or the head of a 
professor of Literature, appeared to sparkle and coruscate from him all 
over in sheaves. Here was the rarest and most refreshing spectacle — the 
pure ardour of the chase, a man quite possessed by a noble work and 
altogether happy in it.** 


In May 1904, Rutherford gave the Bakerian Lecture to the Royal 
Society in which he not only stated the theory of radioactivity but 
applied it with convincing evidence to the chain of radioactive products 
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beginning with radium. He laid down those fundamental principles 
which have since been found to hold good for over forty elements of 
the radioactive families, nor has it been necessary to add, alter or detract 
anything relating to the precision of his main statements. For this 
great achievement he was awarded the Rumford Medal in 1904. 

In order to understand the principles involved in a chain of radio- 
active changes, it is necessary to remember that at every instant each 
number of the series is obeying the elementary rule that the loss of its 
population of atoms per second is proportional to the number present. 
A similar rule would hold for human beings, if all died from violence, 
and natural death were eliminated. 

Evidently there is a proportionality factor involved which is called 
the ‘radioactive constant*. Each sort of radio-element has a different 
constant of this kind, whose reciprocal is the ‘average life*, which is 
about 44 per cent higher than the ‘period to half-value*. The loss of 
an atom of any one group in the chain is the gain to the atoms of the 
next group and the rate of change is the same all the way down the line. 
Every time a baby dies, an angel is bom ! Hence in a very old radio- 
active ore body, which has had time to produce a steady or equilibrium 
state in the chain of radio-elements, there will be a large population 
of slow changing atoms of any one kind, and a smaller population of 
faster changing atoms of another kind. If it takes one minute to glide 
down a hill, and thirty minutes to walk up, there will be thirty times 
as many people walking up as gliding down, provided there are very 
many of them. So too if there are three million atoms of uranium to 
every one atom of radium in an old mineral, the uranium atoms on the 
average last three million times as long as the radium atoms. If the 
half-period of radium is 2000 years, then the half-period of uranium 
is three million times as great or 6000 million years — so uranium is 
quite a Methuselah among the atoms, but it decays away, none the 
less. The £ict that it has not all gone means that we live in a universe 
of very considerable but not unlimited antiquity. 

Atoms do not grow old, not the radioactive ones. They are as 
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likely to explode in youth as in old age. All that can be stated is 
that they have an average period of gestation and then an alpha or 
beta is bom and the old mother becomes instantly an entirely new 
woman with distinctly new characteristics. Consider radium, each 
of whose atoms, after an average life of 2300 years, gives birth to a 
helium atom and the remainder is the radioactive gas, the emanation, 
which after five-and-a-half days* labour, produces another helium 
atom and the residue is yet a new atom, radium A, with but a few 
minutes’ life ! And so the extraordinary story continues until radium* 
G is reached, which from any point of view seems to be a truly 
stable atom. Perhaps it is possible to venerate the deliberate uranium 
atom which after a quiescent life, averaging 6000 million years, decides 
to burst into activity and produce a genealogical tree with fourteen 
successive heirs. And when the word ‘decides’ is written, comes the 
question, Who decides ? or What decides ? 

Rutherford also gave a lecture to a full audience at the Royal 
Institution dealing with the energy of radium, the heat from which had 
been determined by Curie and Laborde (1903) and, for different pro- 
ducts and radiations, by Rutherford and Barnes (P/w 7 . Mag, Feb. 1904). 
He was prepared to state at this lecture the effect which radium had 
in prolonging the heat of the earth, and thus vitiating the forecast of 
Lord Kelvin, which limited the past and future age of the earth to 
a few hundred million years. 

Sir Archibald Geikie has written of Lord Kelvin (Rroc. Roy. Sac. A., 
1908, 81, p. 70): 


In 1862 he published The Doctrine of Uniformity in Geology briefly 
rejected. Again in 1868 he returned to the attack and brought forward 
additional lines of argument in support of his charge that British popular 
geology stood ‘in direct opposition to the principles of natural philo- 
sophy’ and required ‘a great reform*.. . .In his latest writings he 
restricted the time [age of the earth] to between twenty and forty 
million yean. His papers have given rise to a long controversy and no 
final agreement has been reached. 
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Kelvin’s conclusions were based on the laws of cooling of a body 
losing heat by radiation. Rutherford pointed out that there was an 
internal source supplying heat; and therefore the earth was not siniply 
a cooling mass, and Kelvin’s results did not hold. 

The actual words written by Lord Kelvin about the duration of the 
heat of the sun are given in Appendix E of Thomson and Tait’s Natural 
Philosophy: 

It seems on the whole probable that the sun has not illuminated the 
earth for 100,000,000 years and almost certain that he has not done so 
for 500,000,000 years. As for the future, we may say, with equal 
certainty, that inhabitants of the earth cannot continue to enjoy the 
hght and heat essential to their life for many years longer, unless sources 
now no longer known to us arc prepared in the great storehouse of 
creation. 


A certain journal welcomed with large headlines the announcement 
by Rutherford that the earth would endure many millions of years 
longer than Kelvin had estimated, and wrote “ Doomsday Postponed ”. 

As for Rutherford, he used to teU humorous stories about this lecture 
long afterwards: 

I came into the room, which was half dark, and presently spotted Lord 
Kelvin in the audience and realised that I was in for trouble at the last 
part of my speech dealing with the age of the earth, where my views 
conflicted with his. To my relief, Kelvin fell fast asleep, but as I came 
to the important point, I saw the old bird sit up, open an eye and cock 
a baleful glance at me ! Then a sudden inspiration came, and I said Lord 
Kelvin had limited the age of the earth, provided no new source was 
discovered. That prophetic utterance refers to what we arc now con- 
sidering tonight, radium ! Behold ! the old boy beamed upon me. 

About this time Rutherford, walking in the Campus with a small 
black rock in his hand, met the Professor of Geology; “Adams”, he 
said, “how old is the earth supposed to be?” The answer was that 
various methods lead to an estimate of 100 million years. “I know*\ 
said Rutherford quiedy, “that this piece of pitchblende is 700 million 
years old.” 
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This was the first occasion when so large a value was given, based too 
on evidence of a reliable character; for Rutherford had determined the 
amount of uranium and radium in the rock, calculated the annual 
output of alpha particles, was confident that these were helium, measured 
the amount of helium in the rock and by simple division found the 
period during which the rock had existed in a compacted form. He 
was the pioneer in this method and his large value surprised and delighted 
both geologists and biologists. 

RUTHERFORD TO HIS WIFE 

Cambridge: 4 May 1904. I have had a very busy week trying to get my 
papers in order and preparing for my lectures. I came up to Cambridge 
yesterday and stay till Tuesday. The Thomsons are well but the two 
kiddies have whooping cough.. . .They are giving a Cavendish Dmner 

for me here Monday night I have a round of entertainments next 

week. Tonight, Monday, I go to dine at the Fellows Table at Trinity. 
Tuesday with Lockyer, Wednesday smoker with Lockyer. Thursday, 
Bakerian and dinner at the Royal Society Club with J. J. afterwards; 
Friday, Royal Institution and reception, I expect, afterwards at Dewar’s 
house for half an hour. Then up to Terling Place on Saturday. I got 
your letter re convocation and am glad you are having a gay time. 
Charlie says he is coming down for the lecture at the Royal Institution 
on Friday and will return Sunday. I am in such an awful rush that I will 
be glad when the lectures are over. 

Terling Place, Essex: 22 May. . . .1 came down here yesterday with 
Mr and Mrs Kempe and found Professor Schuster and his wife on the 
same train. Lord and Lady Kelvin came down in the morning and there 
are in addition Campbell Swinton and Mallock — Lord Rayleigh is 
here. Lady Rayleigh and young Strutt. Lady Rayleigh is a sister of 
Balfour. I played a game of bridge last night but have not yet had any 
opportunity to talk to her. Kelvin hankers about information on every 
subject which it would take days to go over the elements of.. . .1 am 
feeling comparatively jubilant as I have done my two lectures. The 
Royal Society was crowded and fearfully hot, but I got through all 
right. My throat got bad for five minutes early in the lecture but 
recovered later. J. J. came down. Lodge and Kelvin, and generally 
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there was a very good audience. J. J. and Lodge made very compli- 
mentary remarks about it and I think people were satisfied enough. 
The Royal Institution lecture went off pretty well I think, at least people 
say so. I had about 800 people — ^the biggest audience I believe for this 
year if not for five years. The experiment went off flying without a 

break and I got through exactly in the hour I am continuing this 

later in the evening. I think most people were pretty pleased and the 
newspapers gave me a great send off. Charlie came down for the 
lecture. . . .The Bakerian Lecture was I think a success at any rate J. J. 
seemed to think so. Lord Kelvin has talked radium most of the day, 
and I admire his confidence in talking about a subject of which he has 
taken the trouble to learn so litde. I showed him and the ladies some 
experiments this evening, and he was tremendously delighted and has 
gone to bed happy with a few small phosphorescent things I gave him. 
He won’t listen to my views on radium, but Strutt gives him a year to 
change his mind. In fact they placed a bet to that effect last evening. 
Lord Rayleigh believes, I think, in my views as far as he knows the 
details. I did not mention that J. J. and Mrs J. J. looked after me very 
well and gave me a dinner with a few Cavendish people on Monday 
night. I have decided to return to New York by the Cedric sailing 
June I. She will be an eight or nine days boat, so don’t expect me very 
early. 


In 1903, Lord Kelvin clearly belonged to the school that believed 
that the energy expelled by radium was received from some external 
source. With considerable courage, he abandoned his theory publicly 
at the 1904 British Association Meeting. He also paid a bet of five 
shillings to R. J. Strutt, now Lord Rayleigh, who had a few months 
previously backed the view that Kelvin would shordy fall in line with 
Rutherford’s ideas. 

In June 1904, Rudierford returned firom England in the Cedric and 
landed in New York with a very small box, encased in lead, which 
caused great constemadon to the customs official, for it contained about 
30 milligrammes of radium bromide. There was nothing in the customs 
laws relating to radium and so it was proposed to send die box to the 
appraisement office for a ruling by the Treasury. But the “doctor was 
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by no means willing to part with his treasure” and finally he bonded it 
through to Canada where no difficulties occurred. There was an added 
insult because the New York paper described Rutherford as a Professor 
of Physics at McGill University, Toronto, which is much like saying 
that the Cavendish Laboratory is in Oxford. 

By this time, Rutherford had become, as it were, the clearing house 
for all discoveries in radioactivity and letters reached him from professors 
and research students from many parts of the world. He influenced 
their work and his mind reacted to their discoveries and ideas. For this 
reason an adequate account of Rutherford must include some letters 
written to him as well as those by him. 

Prof. B. B. Boltwood of Yale wrote many letters of the greatest 
interest to Rutherford. Some day these should all be printed in full, 
with Rutherford’s replies. All that can now be done is to give a few 
short extracts from them: 

BOLTWOOD TO RUTHERFORD 

II May 1904. You will perhaps recall meeting me when you were here 
in New Haven and talking over the question of the determination of the 
relative proportions of uranium and radium in natural minerals, a subject 
on which I was at that time working. Within the last ten days I have 
succeeded in obtaining a series of results which seems to throw con- 
siderable hght on that question and leads to conclusions which seem to 
me of very great importance. 

He was in fact finding, with six different minerals from various countries, 
that the ratio of uranium to radium was the same (about three miUion 
to one). He expressed high hopes of growing radium from uranium, 
but like Soddy he was disappointed, because it was later found that 
there was an intermediate product of a fairly long life. 

8 Aug. 1904. The receipt of your letter of June 20 afforded me very great 
pleasure and I was very glad to learn that you found the results obtained 

with the uranium mineral interesting The thing which started me on 

this matter was something you said while in my laboratory about the 
very possible interrelationship between all the different radioactive 
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substances, and I have been thinking how it would simplify matters if 
only thorium, which seems to occur so persistendy with uranium 
minerals, could be fitted in with the uranium and radium 

This idea proved erroneous however. 

^Next Prof. H. A. BumstCj|d of Yale University made an interesting 
discovery. Elster and Geitel had shown that an insulated wire with 
a negative charge, exposed in the atmosphere, collected the active 
deposit of radium due to the radium emanation (radon), present in 
minute quantities in the air, which leaks out of the ground from the 
radium present in all sedimentary and igneous rocks to an amount of 
perhaps one part by weight in a miUion-million, or thereabouts. 

Now Bumstcad exposed such a charged wire for about half-a-day 
and collected not only the active deposit of radium, which decays 
away in a few hours, but also the active deposit of thorium. This 
substance decays to half-value in about iij hours, so that the thorium 
active deposit, collected from the air and due to the thoron in it (leaking 
from the thorium in the ground) can be observed slowly decreasing 
in value for two or three days^ 

Bumstcad was a fine physicist and was particularly successful in 
suggesting fruitful research work to graduate students. 

BUMSTBAD TO RUTHERFORD 

5 June. I got hold of your new book yesterday and have read most of it, 
last night and this morning. I want to offer you my warm congratula- 
tions on the admirable clearness of the language, the good arrangement 
and the great logical force of your presentation of the theory. The 
collection of the evidence in this way is very impressive and unless 
I am prejudiced, the future historian of physics is feoing to think a lot 
of this book as a most brilliant example of the application of the true 
scientific method to a perplexing problem. It is going to be one of the 
classics. 

For that reason and also on personal grounds, I was immensely pleased 
at the kind way in which you spoke of Wheeler’s and my little con- 
tribution; it showed a most Christian spirit on your part too, and I 
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hereby resolve never in the future to accuse you of having leaky gas 
holders or any such thing ! 

My experiments on atmospheric radioactivity were jOnished a month 
or so ago and since then I have been getting ready to go away. The paper 
will be published in Am. Journal for July and I shall have a copy sent 
you. It turned out very much as you prophesy in the book; and the 
second constituent (besides the radium excited activity) on a negative 
charged wire is due to our old friend thorium. With a three hour 
exposure about 3 or 4 per cent of the initial activity is due to it and with 
a long wire it is easy to get its rate of decay, etc., after the radium effect 
has disappeared. With a twelve hour exposure it sometimes reaches 
about 15%. The combmation gives a nearly exponential fall for the 
first two hours with the exception of the initial rapid drop due to radium 
A which I can always get if I am quick enough. There is some evidence 
that there is a small quantity of something else present but it will have 
to decay quicker than Debieme's results for actinium excited activity. 

Boltwood tells me that he wrote you about his uranium-radium 
results. I notice in a recent Nature that Soddy is inclined to give up 
uranium as the parent of radium, but in spite of this and Strutt’s results, 
I think Boltwood’s results are correct. This, because I know he is very 
skilful and careful, and because I have seen a good many of the experi- 
ments done. If I am not greatly mistaken, his results will stand and will 
thus confirm another one of your predictions. 


It was on Bumstead’s suggestion that H. L. Bronson went as a 
Demonstrator to McGill where he proved himself conscientious and 
successful. He was quickly caught in the Rutherford vortex and busied 
himself with an improved form of electrometer, which took so much 
time to make that Rutherford became impatient and said that Bronson 
thought more about apparatus than about physics. When Bronson 
achieved his purpose and measured the half-periods of several radio- 
elements with accuracy, Rutherford withdrew this, and was , full 
of praise for his work. Bronson also made standaifi high resistances, 
using the ionisation of air by minute traces of radium bromide as 
his low conductor. He became Professor of Physics at Dalhousie 
University. 
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On 13 Sept. 1904 A. J. Balfour expressed to Rutherford “the very 
great pleasure with which I have received your letter of September 
ist. Your own name will for all time be associated with growth in 
our conceptions of the physical universe, and it is with the utmost 
satisfaction that I learn of your approval of my attempt to deal from 
the outside, with the problems to whose solution you have so gready 
contributed.** It is noteworthy that this philosopher quickly under- 
stood the importance of the work of the physicist. 

Between the first (1904) and second (1905) editions of Radi<h^tivity 
Rutherford had worked out the interesting and difficult problem of the 
later products of radium — those following radium C. He took thin 
foils of six different kinds of metal and exposed them for a week to 
a large amount of radium emanation, placing all together in an air-tight 
tube. After two days, when the short-Uved products had decayed away, 
he tested his foils for active deposits with an electroscope sensitive to 
their alpha rays. The activity steadily increased for 200 days 1 On the 
other hand the beta rays remained constant after the active deposit 
was one month old. Here was a mystery which at the time seemed to 
me insoluble. Rutherford followed every clue and never lost the scent, 
and his conclusions (2nd ed., p. 403) were these: Radium C turns into 
radium D, a rayless product which is half-transformed in 40 years; 
next comes radium E with beta rays, and a half-period of six days; 
whence radium F, which emits only alpha rays, is half-transformed in 
143 days, and is identical with Mme Curic*s first discovery — polonium. 
These were Ruthcrford*s findings more than thirty years ago, and 
the current values today after so many subsequent investigations, are 
these: 

radium D, about 25 years, beta rays, 
radium E, 5 days, beta rays, 

radium F, 136*3 days, alpha rays. 

The substance radium D, with a life of many years* duration, must 
be fiiirly abundant in radioactive ores and indeed it has been discovered 

• BLR 8 
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and named * radio-lead*. This explains the letter which Rutherford 
wrote to Professors Meyer and Schweidler of the University of Vienna: 


5 Nov. 1904. I have read with the greatest interest the reprints of your 
valuable papers which you have so kindly forwarded to me. The results 
in your last paper on radio-lead have been of especial interest to me and 
I congratulate you on your proofs of the identity of the products of 
radio-lead with those of the active deposit of radium. There can be no 
doubt of their connection. I was glad to see you had found the six day 
period (rad. E) for your palladium wire. I have much pleasure in 
forwarding you some copies of my recent publications. 


Next month there came a cheery letter from his old friend G. Elliot 
Smith from the Turf Club at Cairo: 


6 Dec. Many thanks for the newspapers containing the eulogy of your 
noble self. I had seen the announcement some weeks ago in Nature and 
had the noble resolve of writing to congratulate you on this latest 
emphasising of your great fame. 

It is a great record for a babe like you — you arc I bcHcvc two weeks 
younger than I — to achieve such greatness. 

May you continue to thrive and do great things. But I hope that in 
your upward path to greamess and glory you will not forget those of 
your old pals who are condemned to struggle through life as mere 
nonentities. 

We wish you and Mrs Rutherford the jolliest of Christmases. 


One day there came from Brazil to see Rutherford a huge man with 
a vast voice, so that Rutherford looked a dwarf and was almost inaudible 
beside him. The man had a curious story to boom. German ships for 
some time past had been landing goods in Brazil and asking permission 
to sail home in ballast taken from a certain cove. It turned out that the 
ballast that they thus got free of charge was monazite-sand, containing 
thorium needed for the mantles of Auer or Wclsbach lights. It was 
worth at least a pound a ton ! The Brazilian Government had sent the 
big man to McGill to find out all about thorium. He stayed with 
Rutherford, who used to come quite tired to the laboratory, saying, 
“I can*t hear myself speak in my own house ! ** 
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The International Congress of Arts and Science at the Universal 
Exposition, St Louis, lasted 19-25 Sept. It was truly a gigantic affair 
organised by men like Nicholas Murray Butler, Simon Newcomb and 
Hugo Muensterberg. There were two eminent lecturers speaking on 
every subject under the sun from Religious Education to Demography, 
and Rutherford’s share was a lecture on the Physics of the Electron, 
a title which was changed to Radioactive Transmutations. 

Rutherford also participated in the International Electrical Congress 
at St Louis organised by Elihu Thomson, President, and A. E. Kcnnclly, 
General Secretary. He told the Congress the remarkable story of radium 
D, E, F. 

In 1904 Mrs Newton travelled from England to Montreal and later 
went home to New Zealand, accompanied by Mrs Rutherford and 
Eileen. During a busy session Rutherford spent the winter with M. 
Morin, Professor of French, and his wife. It will be seen elsewhere 
that Rutherford finished his work with difficulty so as to go to New 
Zealand (1905) and return with his family in time for the session which 
then began in September. 


RUTHERFORD TO HIS WIFE 

Montreal: 2 Nov. 15)04. Still not a word from you, but I suppose the 
next mail will bring something. I have bought a card catalogue from 
Morgan’s, so as to keep a record and references of scientific papers. 
I will start, next month, preparing a new edition of my book and the 
catalogue will be invaluable. I heard from the Press that they are going 
to charge ^40 for a German translation of my book, ^20 to me and 
^20 to themselves. They think the new edition will intericre with their 
German sale to a large extent. I had a visit the other day from Professor 
Fischer of the University of Munich who came up specially to see me. 
He spent a year in Cambridge and knew a good many of my friends. 
I had him to dinner and limch at the Morins. He arrived in time to 
attend a meeting of the Physical Society and, I had Eve and McClung 
and’Bames in during the evening. He is a very decent fellow and speaks 
very good English. He tells me all the German Universities take my 
book as a standard, and thinks as a whole they prefer the English rather 
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than the translated edition.. . .My other piece of news is that my Dr 
Godlewski has arrived.. . .1 am glad he talks enough English to make 
himself understood and with a good accent. He is quite a handsome 
young fellow, about twenty-five I should think, and well dressed and 
looks distinguished. Altogether he has made a good impression and 
I think will prove an acquisition. He is a pure Pole and has no Jew in his 
composition. We had John Morlcy here last week. He stayed with the 
Petersons. Peterson asked me to lunch and I had quite a chat with him. 
Morlcy is looking pretty old and tired, but bucks up in conversation. 
I have not dared mention the fact about, as some of the Faculty are very 
jealous of such things. He gave a good speech when he got his degree 
. . . and there was a reception afterwards. My tenant has not yet paid 
up. Walter tells me the piano is used very seldom. Our old garden is, 
I beheve, a wilderness. Give Eileen a kiss from me and tell her I will 
write her a letter. 


A new honour now came to Rutherford, the award of the Rumford 
Medal by the Royal Society ; his colleague at McGill, John Macnaughton, 
Professor of Classics, wrote his congratulations: 

14 Nov, 1904. I saw with great dehght that you had been awarded the 
Rumford Medal for research. It has been real research in your case and 
the brilliant prize splendidly earned. In my department what they call 
‘research' especially in the American Universities is often no more than 
mechanical totting up of the number of times something occurs — a 
thing which can be done with one eye open and both feet up against 
the chimney-piece. Yours has required a brain of most unusual pene- 
trating power all focussed to one point and brought to bear like a 
Bunsen-bumer on the hard material to be fuzed. Accept my most 
hearty congratulations. I told them to send you my inaugural address. 
I don't think you will disagree with it, though it is not very much in 
your line. 

The Rumford Medal of the Royal Society, consisting of a gold medal 
with a silver replica struck in the same die, is awarded once every second 
year “to the author of the most important discovery or useful improve- 
ment which shall be made and published by printing or in any other 
way made known to the public in any part of Europe during the pi?<s 
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ceding two years on Heat or on Light, the preference always being 
given to such discoveries as, in the opinion of the President and Council 
of the Royal Society, tend most to promote the good of mankind”. 


RUTHERFORD TO HIS WIFE 

Montreal: 5 Nov, 1904. ... I really have quite a big piece of news to tell 
you, but have been working off the local gossip before I start it. I 
received a cable from Lord Strathcona marked private as follows. 
‘‘I congratulate you on the great distinction of being awarded the 
Rumford Medal for researches in radioactivity.” I have not heard 
anything further yet and do not expect to for a week, but I presume it 
refers to the Rumford Medal of the Royal Society. On looking up a 
book on the Royal Society, I find that the Rumford Medal is a great 
distinction indeed. On reading the account given in the Yearbook of 
the Royal Society I made the agreeable discovery that the sum of ^70 
usually accompanies the medal. I think that this portion as well as the 
award itself is correct, but nothing pubhc will be announced till I hear 
definitely. The Rumford Medal was instituted on account of some 
money given to the Royal Society by Count Rumford in 1796, and he 
at the same time gave an equal sum for a medal to the American 
Academy of Sciences. Rumford himself, whom you remember I often 
talked about last year in connection with the army of beggars at 
Munich, and so on, was the first recipient of the medal. On looking 
up the list of recipients I found myself in the company of notables of 
which I am not in the least degree ashamed. The following is a partial 
hst: Fresnel, Faraday, Sir G. Stokes, Pasteur, Clerk Maxwell, Kirchhoff, 
Tyndall, Sir N. Lockyer, Sir W. Huggins, Hertz, Dewar, Lenard and 
Rontgen, Sir O. Lodge, Parsons (steam turbine man). I am not sure of 
Lodge but think so. The above is only a selection of those you know 
of, so you sec if I have that medal I am in company better, I am 
afraid, than I deserv^. I trust it is all right and that it has not been 
divided as in case of Lenard and Rontgen for X rays. I will forward 
you a photo of the pla'te in the book as soon as I get it done, just to 
sec what it is like. I believe there is a big dinner given to the medallist 
this month by the Royal Society but I of course will not be able to 
be present. I don’t suppose I shall get hold of the medals until about 
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I got an account &om the Cambridge Press about the sales of books. 
I find that up to the end of last July ^^41 was due to me in royalties. 
This will not be paid to me till January. About twice that amount is 
probably due to me altogether for sales up to date, so my banking 
account will have a chance of growing again. 

RUTHERFORD TO HIS MOTHER 

27 June 1904. I have arranged to write an article for Harper’s Magazine 
on “Radium, the source of the Earth’s heat’’, for which I will be paid 
350 dollars — ^pretty good pay 

10 Aug. 1904. The reviews of my book have been very satisfactory but 
I will not know much about the sales till next year. I am sending you 
a copy of Technics with an article of mine on Radium with a photograph 
in the beginning. If you get the August number of Harper’s magazine 
you will see a photo of my noble self in an article by Sir OUver Lodge 
on “ A New Kind of Matter*’ so that I am getting as much advertisement 
as is good for me. These things, however, don’t count scientifically, for 
it is work that tells. Things scientific are very quiet just now, but I am 
working steadily at the lab. 

27 Sept. 1904. I have just returned from my trip to St Louis. My main 
object in visiting St Louis was to attend the Scientific Conference — one 
of Electrical Engineers, before whom I read a paper, and the other an 
International Congress of Arts and Sciences which was a very big affair. 
A large number of the most prominent representatives of the chfFerent 
branches of learning were collected from all over the world and gave 
addresses on their respective subjects. I had rather hard work attending 
meetings and trying to view the ‘Exposition’. There were a number of 
interesting side-shows of which the Boer War was one of the most 
interesting. Several hundred Boers, including Cronje and Viljoen in 
person took part and the whole thing was very well done and attracted 
great crowds. The illumination at night was very fine — all by electricity 
of course. 

16 Oct. 1904. The Frisco mail came in this morning and I received a 
letter from you arid Florrie. I was very glad to hear you arc yourself 
again after your illness. May has been gone about a month and I am 
now getting used to my new quarters with the Morins. I am very 
comfortable and find them very agreeable people, I had a bad cold 
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after my trip to St Louis but managed to shake it off and am now feeling 
in good form again. 

I got a letter this morning from Dr Godlewski — ^ graduate of the 
University of Cracow, Austria. He is coming at the end of this month 
to work under my direction at research. He is my first foreign student 
and it is a compUment to the University, not to speak of myself. I am 
rather interested to see what kind of man he is. I have working with me 
a graduate of Yale University, so I have two strangers in the laboratory 
this year. 

People have been very kind to me in asking me to suppers and dinners 
as they consider a grass-widower requires looking after. I have been out 
several times last week and have as many invitations as arc good for me 
for the ensuing week. I go out golfing about twice a week in order to 
get a little exercise before the coming winter. We have had beautiful 
sunny weather the last few days and it seems a pity to spend it indoors. 
I am told that I am considered the sort of ‘show ' man of this University. 
It rather startles some of my colleagues to find that the University is 
known wherever they go in Europe — chiefly in connection with radio- 
active research. However don’t think my head is swelling for I still 
take the same size hat. 

I got a letter from a distinguished chemist Baskervillc in the States 
who wishes to dedicate a book to me. I think I am rather youthful for 
inscriptions of that character as they arc the special perquisites — ^like 
honorary degrees — of Scientific Octogenarians. However, it is a com- 
pliment and I suppose hbel actions arc not in order. A conservatoire of 
music has just been opened in connection with the University in which 
there are several hundred musical students, and which promises to be a 
great success. I expect my article will appear in Harper* s within the 
next month or so. I am just finishing writing up my article for publica- 
tion which I dehvered at the International Congress. I hope father is 
well. Give my best wishes to Art. and his fianc^. 


RUTHERFORD TO HIS WIFE 


Montreal: 9 Nou. 1904. I wrote you in my last letter about Strathcona’s 
cable re Rumford Medal, I have not had time to receive official word 
from Er^land. 

A week later. I received the following cable from Cambridge, 
“Cavendish Professor and Research Students send heartiest congratula- 
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tions Rumford Medal.” It is very good of the Cavendish people to 
remember me this way. I am expecting to hear from the Royal Society 
during next week. The office on Friday communicated the news to the 
Gazette and it appeared in all the papers. The account isn’t up to much, 

but is correct as far as it goes It never rains but it pours. On Saturday 

morning I received a letter from Professor Hadley of Yale asking me if 
I would dehver the Silliman Lectures at Yale this year. You remember 
J. J. delivered them two years ago and came over for the purpose, and 
Professor Sherrington (the physiologist) of Liverpool, last year. It is a 
great distinction, more especially as the sum paid to the lecturer is 
2500 dollars. There are supposed to be from eight to twelve original 
lectures which are to be pubHshed in book form by Yale University, 
and the proceeds, if any, of the sale go to them. The fee you will agree 
with me is not to be sneezed at. It is not often one can earn a year’s 
salary for ten lectures. Now Hadley tells me that the lectures should be 
delivered in April and May, if possible, so if I dehver them I shall not be 
able to start for New Zealand quite so early as I anticipated. I now put 
the conundrum to you. Would you prefer 2500 dollars or three weeks 
more of my company? It reminds me of the story of the lady and the 
lion. I don’t think however that I shall miss such a unique opportunity 
of increasing our funds and of gaining scientific distinction at the same 
time. The difficulty will be to get sufficiently new material for the 
lectures as I will by that time have all the MSS through for my new 
book. Hadley said at the end of the letter that the proposal was quite 
independent of the talk re the Chair of Physics at Yale, but he thought 
it would be a good opportunity to renew our discussion. I told Cox 
about it and I think he is going to tell Peterson that they will have to get 
a move on over the salary question pretty soon, unless they want to come 
in after the event. I have an idea that the question will ultimately work 
out to our financial advantage. Peterson was very pleased over the 
Rumford Medal, and they have plenty of reason for raising me specially, 
without raising a revolt among the others. I am sure you would like 
to be here at these times in order to keep in touch with what is going on, 
but I will keep you as well informed as I can. My tenant paid up two 
months rent all right, I wondered whether he was going to forget much 
longer. Harkness is coming along this evening to discuss the Yale 
business. I went to sec Dr Birkett about my throat which was worrying 
me a good deal. He said there was not much the matter, but that I had 
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had a granulated throat for many years, but nothing serious enough to 
trouble about. He gave me some tabloids to take which put me pretty 
right, but I find I have a sore throat again this morning. 

Montreal: 18 Nov. 1904. . . .1 have written down to Yale accepting the 
Silliman Lectures and hope to get them through by the end of April, 
so my stay in New Zealand will not be much shortened, and if necessary 
we could lengthen it at the other end. You may be interested to hear 
the history of the Silliman Lectures. In 1883, 80,000 dollars was left in 
trust, in honour of the mother of the donors Mrs Epsa Ely Silliman 
(what a name!), for the purpose of memorial lectures “designed to 
illustrate the presence and providence, the wisdom and goodness of 
God, as manifested in the natural and moral world. It was the belief of 
the testator that any orderly presentation of the facts of Nature or 
History contributed to the end of this Foundation more effectively than 
any attempt to emphasize the elements of doctrine or of creed “ etc. 
My last week has been a series of congratulations over Rumford and 
Silliman. The Medical Faculty conveyed their congratulations, while 
Dr Harrington made a complimentary speech at the Chemical Society. 
My hat, however, still remains of the same dimensions. The medals arc 
given at the Royal Society meeting on November 30, but of course 
I cannot be there to receive it in person. Cox tells me a dinner is to be 
given me somewhere about the time of the presentation of the medal in 
London. It cannot be on the actual day, as Peterson is to be away in 
New York at that time. Everybody seems pleased and to agree that 
I deserved it, which is not generally the case with one^s colleagues 

I have been pretty busy during the week as I have got a good deal of 
research in hand. I am feeling in pretty good form and have almost got 
rid of my cold. 

II Dec. 1904. The past week has been rather a trying one for me as the 
dinner in my honour came off on Wednesday in the Windsor Hotel. 

I have already forwarded to you a copy of the menu and a paper with 
a brief account of the same. Clay also sent you a cable telling you of the 
fact, while the dinner was in progress. I hope you got it safely and if you 
hadn’t heard of the Rumford Medal by that time, you must have been 
considerably mystified. The dinner was a great success,. . .about 130 
were present with Peterson in the Chair. . .at 8 o’clock Petenon accom- 
panied me to the dining room while appropriate music heralded our 
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arrival. As I told you Macdonald took over the expenses of the dinner, 
which was given regardless of expense. Loads of flowers were scattered 
over the table and music was played at intervals. I naturally did not 
enjoy myself as much as if I had been a guest instead of a principal. 
After the usual toasts, Cox got up and made the speech of the evening. 
It was really very clever and not unduly buttery and with a good many 
jokes. Everyone considers that Cox excelled himself on that occasion. 
He was followed by Tory who said many kind things and then I had 
to get up and reply. I talked about twenty minutes and got along better 
than I thought I would. I think they all considered I made a fair speech. 
I took the historical order and gave credit to all the people who had 
worked with me and worked off a few villainnm jolces. They received 
me extremely well and my health was drunk amid much enthusiasm 
(or at any rate well simulated, if it wasn^t real). Walton followed with 
a humorous and capital speech in which he referred to a side of the 
question which he stated all the previous speakers had overlooked. He 
drew a harrowing picture of the state of mind of radium — a shy 
shrinking thing which had been dragged into the glare of publicity and 
all its secrets laid bare and instanced it as an example of scientific 
oppression. He was followed by Bovey, Dean Johnston, Barclay and 
after that Lash Millar who came down to represent Toronto University 
and Dr Goodwin who represented Queen^s. We got away about 2 a.m. 
MacBride carried home an armful of flowers, as did a good many 
others. Everybody thought the dinner a great affair, but I was mighty 
glad to get it over. It is not altogether pleasant to be talked at, for four 
solid hours in succession. I don’t suppose however I shall have to 
endure the like again for a long time to come. The next night I was 

asked to dinner at the Drummonds I found I was the guest of honour, 

and took in Lady Drummond. After the ladies had left Drummond 
suddenly proposed my health which was followed by a spasmodic three 
cheers. After thanking them in the usual hackneyed terms, I said a 
great deal had been said about the medal, but I had doubts if I would 
get it, as Lord Strathcona had it ! Also that Lord Strathcona vm a most 
faithful deputy, for he had not only received my medal but had eaten 

my dinner I am really very comfortable with the Morins, who do 

everything they can for me. They are quite a charming couple. 

25 Dec. 1904. Xmas night, and I am staying in my rooms working and 
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reading. I worked on my book in the morning and went to the Walkers 
for midday dinner. Miss Cameron and Godlewski were there. Dr 
Godlcwski is a very able and fine looking fellow and has made a 
favourable impression on everybody. He is a very hard worker and has 
already done a very good piece of work on actinium. He is very pleased 
with the Lab. and I think does not in any way regret his visit to Montreal. 
He now speaks English well and has no difficulty in following rapid 
conversations. His father is Professor of Botany at Cracow, so he is 
pretty well up in University matters. He told me today that he had 
seen that Rayleigh had got the Nobel Prize for Physics and Ramsay for 
Chemistry. I think they are a very good selection. I may have a chance 
if I keep going, in another ten years, as there are a good many prominent 
physicists like J. J. and others to have their turn of spending the money. 
It is just as well too that I have got something worth having to look 
forward to. ... I must now come to an interesting piece of news. I got 
my gold medal and it is a stunner. It weighs 14 02s., and probably has 
£50 worth of gold in it. I haven’t got the silver one and do not know 
if it is forthcoming. It will be a good way of saving money as it can 
always be melted down into dollars when required ! My name is on 
the edge, but otherwise everything is as in the photograph I sent you. 
On Xmas Eve I got a letter from die Royal Society enclosing a cheque 
of 7 * 30^ dollars ! I felt it was a Xmas present worth having, 

so that the whole thing altogether is worth over 500 dollars. The money 
will be handy for future contingencies. ... I got letters fiom you last 
Monday and am glad you are both well. You may tell Farr I will, 
provisionally, promise to give a lecture when in Christchurch. He 
wrote to me about it. I am enclosing another draft for £20, don’t stint 
yourself too much. 
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LAST YEARS AT McGILL 

RUTHERFORD TO HIS WIFE 

Montreal: i Jan. 1905, This is the first day of the New Year and I trust 
we will both have as happy a time as in the old year. I don’t suppose 
this year will be quite so full of important happenings as last year for 

I have been amazed when I reflect on the number of things I got through. 
There was my visit to St Louis, followed by the lectures in the States, 
the pubhcation of my book, the voyage to England and my lecture 
there, the pubhcation of the Bakerian Lecture and my paper to the 
Electrical Congress, also the address at St Louis, and finally the Rumford 
Medal, and the award of the Silliman Lectures. It would be diflScult to 
do more in the course of one year. I have had a pretty busy week of 
work preparing my book. 

II Feb. 1905. We are having a very hard winter. . .fortunately the 

house is warm. My work is progressing rapidly, both as regards my 
book and research, I have recendy foimd another product in radium, 
and in addition have found the charge carried by the alpha rays, which 
J. J. has been trying to get for the last six months. I am sending a letter 
to Nature about it tomorrow. Mrs Morin now does my typewriting. 
It is very handy as I give her the papers, and get them back as I require 
them. She is more careful than Miss H,^and makes very few mistakes. I 
of course pay her at a fair rate. She enjoys typewriting and is tickled to 
death at earning a Htde money for herself. She has already typed about 
150 pages for me. Work in the lab. is getting on very well indeed. 
Godlewski is getting on in first rate style, also Eve and Bronson. By the 
way I have a most startling piece of news for you. Eve is engaged to the 
younger Miss Brooks of Dunham College. Eve told Harkness on 
Saturday. I don’t know how he has managed to see much of her and 
have not yet seen him to gain particulars. Nobody had the slightest 
suspicion of the coming event. I feel we are both responsible for the 
event, as he would not have known the Brooks without our inter- 
mediacy I am intwiding to insure my life for 4000 or 5000 dollars 

in the New York life on the 20 year basis. I think it is a good way to 



LECTURES AT YALE 


1905] 


125 


make one save money. If my salary should happen to be increased I 
would take out another 5000 on the same basis. By the way if I should 
in any way come to grief my papers will be found ticketed in my office 
desk. I have no premonition of any disaster but it is as well you should 
be aware of such details. 


19 Feb. 1905. . . .1 have just written a congratulatory letter to Miss 

Brooks at Dunham I saw Peterson on Friday and told him about the 

Yale offer. I think he will precipitate, but don’t know how muclj. 
I will probably not know for some time until he has seen the Governors 
about an addition. 


New Haven, Conn.: 20 March 1905. As you see by the above address 
I am now at Yale and start the first of my SiUiman lectures at four this 
afternoon. I left Montreal on Saturday accompanied by Bronson who 
went to see his people for a fortnight, and also to help me a Uttle with 
my experiments, if necessary. Had a series of mishaps to the train on the 
way down — a hot box — then a freight engine carried us slowly along, 
and finally a special to Springfield at which we arrived four hours late, 
just late enough to miss all the trains to New Haven for that evening. 
We put up at the hotel, had some supper and then to bed, getting up at 
six Sunday morning and taking the first train to New Haven minus 
breakfast. I arrived at the Clubhouse, where they are putting me up, 

at 8.45 and had breakfast I had a succession of visitors, Hastings, 

Wheeler, Boltwood, President Hadley, etc I am going in a few 

minutes to the lab. to arrange for my experiments. I already have 
invitations to dinner from Hadley and Chittenden, and other general 
invitations all round, so I expect to have a busy time socially. Feeling in 
pretty good form, and hope to pull off the lecture all right. Now in 
regard to Montreal. I had a terribly busy time getting my last edition 
of my book ready before I left, but fortunately got it all through. I have 
had to work hke a Trojan, and never intend to work as hard again in the 
future, if I can help if. Now for an interesting piece of news. I told 
Peterson about a fortnight ago about the Yale offer and he said he would 
arrange matters to keep me. I beUeve the Governors have agreed I am 
to get 4000 dating from May. It is pretty satisfactory and I don’t think I 
will seriously consider the Yale offer when it comes, as Montreal suits 
me. I understand from Clay that he doubts whether anybody else will 
ever rise to it, however much they try. It is very ^cent of them 
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considering the straitened state of finances, and it will make us moderately 
comfortable and give something to put by for the future. I believe 
Strathcona has brought out my silver medal (Rumford). I called to see 

him with Peterson, but he had a bad cold and could not sec us I doubt 

whether I can get away by the steamer on April 27th but will have to 
wait for May 1 5th. It will make me late in New Zealand but I want to 
see the proofs of my book through, and pubHsh the work I have been 
doing during the year, otherwise my vacation will be full of work. 
I need not publish the Silliman Lectures for some time. I will cable if 

1 can*t get away from Frisco on 28th. I must not sacrifice my work for 
an extra three weeks in New Zealand. I have had a look round the 

University at odd times In our walk Dana opened up on the subject 

of the Yale appointment. They are very anxious I should come to Yale, 
but I doubt whether they can make it worth my while to come, 
especially as McGill has raised my salary. I am to see President Hadley 
tomorrow to discuss business and I will tell you about it later. 

A week has passed away and I have deUvered six out of ten lectures, 
and I think pretty successfully. I have had a very good audience all 
through and they keep up very well. 

2 April 1905. My stay in New Haven is nearing its close, as I give my 
last lecture tomorrow. Bronson is returning with me so I shall have 
company on my way back. The weather has been very bright and 
sunny, during the past week the snow has disappeared from the ground 
and the grass is getting green again. I have had a very pleasant time 
altogether and, as far as I can gather, I think my lectures were a great 
success. My attendance keeps up steadily and all sorts of people turn 
up to hear them. In my lecture tomorrow I am expecting a large 
audience as I am dealing with questions of the effect of radioactivity 
on the age of the sun and earth. I have had a round of visits during the 
week — dinner, lunches, teas. Tonight I am spending at the Club, glad 
of a little rest. The people have all been very kind and all seem to know 
I am a prospective Yale Professor. They arc all very anxious I should 
come down here. 1 had a long talk to Hadley and he outlined the 
position. The salary offered is $4000, but he led me to infer that the 
actual question of salary would not stand in my way if I thought 
seriously of coming. I imagine I could raise $4500 if I asked for it. The 
appointment is not to become vacant dll September twelvemonth, and 
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I have some time to think over the matter before I give my decision 
finally. The place is very tempting in some respects as I would have a 
larger sphere of influence here than in Montreal. At the same time I am 
not inclined to give up a good position at Montreal to accept a salary 
which is about equal in buying power. I don’t think I shall definitely 
decide until I see you in New Zealand. New Haven is a very pretty 
place and they all seem to consider it is a very desirable place to hve in 
compared with most American cities. The environs are pretty and there 
are lots of nice walks in the neighbourhood. The houses of the professors 
are mostly on broad avenues and seem to have gardens and generally 
more country-like than Montreal. Professor Dana» who is Director 
of Mineralogy and also instructs in Physics, a man whose opinion 
counts for a good deal here, is very anxious for me to come. . .the men 
are much the same as the general university type and I should think 

would be easy to get along with They arc all prepared to welcome 

me very cordially. I am very sorry you have not been here to see things 
for yourself. If I seriously thought of it we might run down to New 
Haven on our return from New Zealand. 


Montreal: 9 April 1905. I have finally decided it is impossible for me to 
get away from Montreal in time to catch the boat leaving Frisco on 
April 27th as I had hoped. I sent a cable to Rutherford, Christchurch, 
saying leave Frisco May 15 which I hope you received safely. My great 
trouble has been to get the proofs of my book through. Less than half 
have so far arrived but I sent a cable to them to hurry up. I cannot leave 
the book half finished, as I would have to re-write a part again if I left 
it to the autumn and it must be put through before I leave. In addition 
it is impossible for me to publish my own work before I leave, unless 
I take the extra three weeks. It is very important I should write it up 
as they are all following my trail, and if I am to have a chance for a 
Nobel Pri2e in the next few years I must keep my work moving. I am 
afraid my delay in getting out will upset your plans but two months in 

New Zealand will I think suffice to see most of the people I wish to 

I think we had better return 2nd class from Suva as you suggest, it will 
not be particularly pleasant but if there are several of us it will not be so 
bad. I hope Floss [his sister Florence] will come with us. I shall be 
quite willing to finance the journey one way in any case and give her 
the £2$ for the outfit as you suggest. I think it will be an excellent 
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chance for her to see a Uttle of the world and I am sure she will appreciate 
it.. . .1 brought back a cheque for $2500 from New Haven. We of 
course don’t want to spend it but the proceeds of my book for this year 
will I think pay her trip. My Silliman lectures have to be ready for 
pubheation by January ist so I will have to bustle along when I come 
back. That is one of the reasons why I must get the second edition off 
before I leave for New Zealand for there will be a fearful muddle and I 

could not enjoy my trip with that hanging on my mind I would like 

to go to the Hot Lakes, so we will make a trip there for a few days after 
my arrival. I came back from New Haven on Tuesday and have been 
very busy since correcting the proofs of my book and arranging for the 
numerous papers which have been turned out by the men in the Lab. 
We have got through a lot of good work this year, about thirteen papers 
in all. Dr Godlewski left last night, I am sorry he is going as he is a very 
good man. 

Lord Strathcona invited me to dinner the other evening, about forty 
people there. Miss Lichtenstein and Miss Oakley were the only college 
people there. It was pleasant enough. He gave me the silver copy of the 
Rumford Medal which the Royal Society had given him to forward to 
me. He was very compHmentary in private and seemed much interested. 

Champaign, Illinois: 30 April 1905. . . .Journey to Chicago fairly pleasant. 
Professor Townsend met me and we went to the Hotel Beardsley — 
comfortable enough, though at first sight not prepossessing. First lecture 
booked for 4 p.m., so I did not have much time to spare before going on 
the spout. The lecture room was crowded (over 500) and the lecture went 
off all right. I lecture tomorrow night at 8. Afterwards the students and 
instructors, or a good many of them, filed in to shake hands with the 
visitor. It was rather comic, and I reheved it by attempts at a few jokes. 
Afterwards — and I went to Townsend’s house, and after about half 
an hour, we went down to the Hotel where a meeting of the philosophers 
had a dinner during which a philosopher discoursed on the ‘God- 

Problem* They have apparently been advertising me extensively 

beforehand. Tomorrow I attend an informal meeting of the Physics 
people and discourse to them a little, and in the evening to Carman’s 

to dinner and lecture afterwards The town of Champaign is the 

usual ramshackle township of 5000 inhabitants or more. Everybody is 
very kind and the audiences appreciative. 
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About 1905 the world caught £re and radium was the vogue. An 
eminent physicist was warned by his doctor that he had not long to 
live; he replied: “I can’t die yet, I want to know more about radium !” 
He recovered. 

A great number of Universities and Societies poured in appeals to 
Rutherford to come and lecture to them about radium. He did what 
he could. He also received offers, between 1903 and 1908, of a Professor- 
ship from Yale, Columbia, King’s College, London, Leland Stanford, 
the National Physical Laboratory, and of the Secretaryship of the 
Smithsonian Institute. 

About this time Rutherford began to make a confidant of Boltwood 
of Yale and wrote to him on scientific matters with a freedom quite 
in contrast with his published letters and articles. 

RUTHERFORD TO BOLTWOOD 

28 Jan, 1905. I have practically finished radium A, C, F, and thorium B 
aU having ejm about 2*5 x 10^. I am convinced that the alpha particle 
is a helium atom with two charges. 

18 April 1905. I have been working a lot over that question as to 
whether lead is a decomposition product of radium (radium G in fact) 
and am extremely impressed by the data which I find in support of this 
hypothesis. 

He proceeded to discuss the ratio of lead to helium (at first thought to 
be nitrogen) in Hillebrand’s careful analysis of twelve radioactive 
minerals and concluded, 

if lead can be shown to be a disintegration product of uranium, will it 
not necessarily follow that all the lead existing on the globe originated in 
this way? I think tha^ the deductions which can be made from this 
assumption will make even the metaphysicians diz2y ! 

^yliss Harriet Brooks, working at McGill with Rutherford, obtained 
a remarkable result. On her exposing a metal plate to radium emanation 
it received a coating of induced radioactivity or active deposit. On 
her placing this plate inside a closed vessel, without touching the sides, 
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it was found that the walls of the chamber became radioactive, and this 
effect persisted after the metal plate was removed, but gradually 
decayed away. 

Rutherford at once grasped the situation and wrote: “Since radium 
A breaks up with the expulsion of an alpha particle, some of the 
residual atoms, constituting radium B, may acquire sufficient velocity 
to escape from the plate into the gas, and are then transferred by diffusion 
to the walls of the vessel.*’ The analogy of the recoil of a gun firing 
a shot is obvious. The recoil method was rediscovered at a later date 
by Hahn and Meimer and used by them, as well as by Russ and Makower, 
in the discovery of new radio-element^ 

There were many reviews of the second edition of Rutherford’s 
Radio-activity which appeared in 1905 and was half as large again as the 
first edition. R. J. Strutt, now Lord Rayleigh, wrote in Nature: 

Rutherford’s book has no rival as an authoritative exposition of what is 
known of the properties of radioactive bodies. A very large share of 
this knowledge is due to the author himself. His amazing activity in 
this field has excited universal admiration. Scarcely a month has passed 
for several years without some important contribution from him, or 
from the pupils he has inspired, on this subject, and, what is more 
wonderful still, there has been in all this vast mass of work scarcely a 
single conclusion which has since been shown to be iU-founded. 

The review went on to weigh the probabilities, as they then stood, 
that the alpha particles were truly and really helium, a view which 
rested partly upon the dubious value of the charge per unit mass of the 
alpha particle. It was criticism of this kind which later induced Ruther- 
ford and Royds to collect alpha particles, apart from all else, and to prove, 
beyond possibility of question, that they were indeed helium. 

In 1905, Rutherford ingeniously measured the number of beta rays 
ejected per second from radium in equilibrium with its subsequent 
products, and he found 4 x 10*® per gramme. This was a fint effort 
and not far away firom a more accurate measurement made by Makower 
at Manchester, 5 x 10*®. The idea of the experiment is not diflkult. 
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Measure the total amount of electricity carried by all the beta particles 
in a second, and divide by the charge carried by one beta particle (the 
electronic charge). The result is of course the number of beta rays 
per second. 

Rutherford had also determined the number of alpha particles released 
from a gramme of radium every second, and from each of its successive 
alpha products. The value he found was of the right order but somewhat 
high, namely, 6*2 x io»o. Hence he could find the amount of emanation 
in equilibrium with the radium and could deduce the average life of 
radium, about 2000 years. Lastly, he had determined the energy 
released by each alpha particle and calculated the heat generated by 
a gramme of radium in calories per hour. His figures may not have been 
highly accurate; they were not, but they were of the right order of 
magnitude. This remarkable work showed that he was master of the 
game ! It was only a matter of time, patience, and improved technique 
to obtain more accurate results. The work thus begun at McGill was 
brought to a fuller fruition at Manchester. 

On 20 May 1905, Sir William Ramsay wrote from University College, 
London, supporting Dr Otto Hahn’s application to work with Ruther- 
ford at McGill. Ramsay stated: “Hahn is a capital fellow, and has done 
his work admirably. I am sure that you would enjoy having him to 
work with you.” 

|rhe arrival of Otto Hahn at McGill was a noteworthy event. He 
had been working with Ramsay, who had given him some thorianite 
with the object of extracting some radium from that ore, using Mmc 
Curie’s method of fractional crystallisation. To the surprise of both 
Ramsay and Hahn, the residue became more and more powerfully 
radioactive, while the production of radium was small. The concentra- 
tion of the residues led to the discovery of a material many thousands 
of times more radioactive, weight by weight, than the parent thorium. 
This was an experience similar to that of Mme Curie when she extracted 
radium from uraninite. The question was: What was the nature of 
this new substance which Hahn had discovered ? He came to Rutherford 

9-2 
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at McGill to find out. Now, on arrival, Hahn was naturally excited and 
enthusiastic, and his English at that time was not altogether adequate, 
so that at first Rutherford seemed somewhat puzzled and sceptical^ but 
when Hahn showed him the presence of the emanation of thorium 
(thoron), with a period of 53 seconds, Rutherford was enthusiastic 
over this discovery of radiothorium, an important and powerful 
member of the thorium family, which decays to half-value in 1*9 years. 
Hahn continued to work with Rutherford at McGill for a year or so, 
discovering radioactinium, and carrying out further investigations on 
the thoriuin family, which he has continued with brilliancy in Berlin, 
and which have justly brought him fam^ 

Boltwood was at first very sceptical about the discovery of radio- 
thorium and wrote to Rutherford (22 Sept. 1905) that “the substance 
appears to be a new copipound of thorium X and stupidity a view 
which he soon recanted. 

An important further step was made at this time. In a specimen of 
any ore containing uranium and radium which was formed a great 
many years ago and has remained compacted ever since, there must 
be a great accumulation both of helium and the end product, lead. 
Since the rate of production of these materials had been determined, 
it was a simple matter to find the age of the given specimen by dividing 
the amount of the material present by the rate at which it was produced. 
Thus Rutherford wrote* in his second edition of Radich-activity, p. 484: 
‘T have, for some time, considered it probable that lead is the end or 
final product of radium. The same suggestion has rccendy teen made 
by Boltwood {Phil, Mag,, April 1905).” The reason is weighty. 
I^ranium has an atomic weight 238*5 and the ejection of three alpha 
particles, each helium of atomic weight 4, would leave radium with 
an atomic weight 226, the value found by Mme Curie. It was known 
that the transformations of radium involve die loss of five more alpha 
particles, or a reduction of 20 more units, and this would leave 206, 
which is nearly the atomic weight of lead, 207. 

Boltwood wrote Rutherford a letter (18 Nov, 1905) stating that he 
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was* using this me&od, suggested by the latter, to calculate the age of 
a mineral “from the relative proportion of lead and uranium in it, 
using the rate of diskitegration as determined by Rutherford”. 

The ages of about 27 ores were determined, beginning with a specimen 
firom Glastonbury, Conn., aged 92,000,000 years, and ending with 
thorianite from Ceylon, aged 500,000,000 years; the others were fairly 
equally spaced between these values. According to gwlogical friends 
of Boltwood these results were not contradicted by the geol<^icaJ 
data on the relative ages of the different deposits. 


RUTHERFORD TO BOLTWOOD 

5 Dec. 1905. . . .You appear to have been diving deeply into the 
mysteries of matter and certainly manage to obtain very plausible results. 
The way the ages of die radioactive minerals work out is certainly 
striking and I am glad to find that a professional chemist when properly 
infected is quite as rash in theorizing as a physicist. I have been much 
amused at various articles the last six months by writers in Engineering 
Journals, who hold up their hands at the audacity of the experimentations 
of the workers and sagely reflect how Newton would have sat down 
and worked out the whole subject and then given a theory. It never 
occurs to them that it would have wanted half a dozen Newtons to 
accomplish the experimental work in a lifetime and even they could 
not have put forward any more plausible theory than we work on today. 
These darn'd fools — ^whom I think must once have been chemists — 
(excuse me — ^no personal reference) haven't the faintcft notion that the 
disintegration theory has as much evidence in support of it as the 
Kinetic Theory of Gauss and a jolly sight more than the clcctrDmagnetic 
theory, which they all swallow as the eternal verities. Apart from this 
miniature outburst, I quite agree with you that the only way to get any 
idea of what are the products of the radio-elements is, to examine 
carefully every available mineral. If we don’t find it that way, I think 
it is extremely improbable we shall get any fiirdicr at all. I feel sure 
helium is the alpha particle of radium and uranium products but it is 
going to be a terrible thing to prove definitely the truth of diis state- 
ment for I feel confident e/m will come out to be 5 x 10* instead of 
2*5x 10®. It may conceivably be a hydrogen molecule — half atom of 
helium, or helium atom with two charges, and nothing but a pure 
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scientific nose can say with certainty that one is more profitable than the 
others. My nose (which may be prejudiced) leads me to avoid the H 
molecule like the devil. It is too plebeian in character to be sired by such 
blue-blooded stock like radium whose ancestors certainly existed before 
the flood. However, for plebeian thorium, hydrogen seems to be very 
well fitted. I really sec no reason why all the active bodies should emit 
helium — actinium and radium certainly do — but H is the most likely 
material to be turned off. However, it will be mighty difficult to prove. 
Until you furnish me with more evidence, I shall still cleave to helium 
if only for Galileo’s doctrine of simplicity. You remind me of Japhet in 
search of a father, for you seem bent on finding a mother at any rate for 
the two waifs cerium and lanthanum. Your proofs seem to me too 
convincing to be true, but all things are possible if thorium B breaks up 
into two fragments of about equal weights. I have long thought such 
an effect must occur among some of the products and I feel confident 
actinium owes its origin to some product which has two distinct forms 
of equihbrium — the smaller percentage part yielding actinium. I thought 
I had a fair amount of scientific nerve, but I am left far behind in your 
last essay. This search for a father is becoming positively indecent. Why 
not accept the chemist’s view of separate creation and rest happy? 

Boltwood was unfortunate enough to follow a false trail, for on 
10 Dec. 1905 he wrote to Rutherford: 

As to my attempts to trace the lineal descendents of thorium, my efforts 
tnay be misdirected but they are none the less earnest. I am beginning 
to believe that thorium may be the mother of that most abominable 
family of rare-earth elements, and if I can lay the crime at her door I 
shall make efforts to have her apprehended as an immoral person guilty 
of lascivious carriage. In point of respectability your radium family 
will be a Sunday school compared with the thorium children, whose 
chemical behaviour is simply outrageous. It is absolutely demoralizing 
to have anything to do with them. 

Rutiicrford sailed for Auckland from San Francisco on 18 May 1905. 
It w^ 6 June when he joined his wife at Auckland for a happy tour 
of the Thermal district with some of his family. Then after a stay with 
his people at Pungareho, they visited Christchurch and Rutherford 
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lectured on radium at Canterbury College. Everywhere they received 
a warm-hearted welcome from their relations, fncnds and the kind folk 
of New Zealand, and they all returned in time for the opening of the 
session at McGill. There were four of them, Rutherford, his wife, 
daughter and sister Florence. ^ 

There are many letters preserved which passed between W. H. Bragg, 
then at the University of Adelaide, and Rutherford at McGill; and 
arrangements were made to prevent overlap in their research work. 
As an example the following letter may be quoted: 


BRAGG TO RUTHERFORD 

16 July 1905. You have indeed done a lot of work; I shall look forward 
to the description of it with the greatest interest. Your result about the 
velocity of the alpha rays, when they cease to ionize, is most surprising, 
as you say. I thought the critical velocity would be about 10*, as for 

beta rays It is a very generous thing to offer to keep away from the 

line of research which I propose to take; and I want to thank you for 
your courtesy. Of course I would be glad to go on with the work I am 
doing now, and to do so without fear of clashing with you. But I am 
sure you will understand when I say that I could not let myself be in the 
way. I am very happy that I have been able to help a litdc bit. . . . 

^ragg had discovered that when gamma rays from radium struck 
a thin plate of metal, the radiation forwards was greater than the b^ 
radiation. If the gamma rays were waves, or pulses, the radiations should 
be of €qual intensity fore and aft. This result made a strong case for the 
viewpoint that gamma rays, and t^refore X-rays, were corpuscular 
in natur^ It is probable that most phyacists today would admit that 
radiations combine the qualities of waves and of corpuscles, but to 
explain how that can happen is quite another thing. 

RUTHERFORD TO HAHN 

25 SepL 1905. I have spent some time over the MSS on radioactinium 
and forward you the corrected copy. I have not made altcrationi except 
to reconstruct some of your sentences in more idiomatic EnglisL I 
think the paper is dearly written and should be easily understood. Your 
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treatment of the mathematical theory, while correct in die main 
essendals, was not very rigorous, so I wrote it out in the MSS enclosed 
with your hooks. I hope that you will agree with the emendations. 
I tested some of the numbers on your theoretical curves and found them 
substantially correct, but it would probably be advisable for you to test 
a few points again with the theoretical formulae. Eve kindly recon- 
structed your final sentence which I did not feel equal to altering. I have 
to thank you for your kind expression of good-will but doubt if I 
deserve it. 

I am prepared to communicate the paper to the Phil. Mag., if you 
decide to send it to them, you might signify the same to me. I would fix 
up the curves well and refer to them when you are speaking of the 
active curves earlier in the paper. 

I have been back here three weeks, and just started lectures. Bronson 
and Eve have started work and I am doing a few things. 

I am expecting to get the papers on the mass of the alpha particles 
of radium, actinium and thorium published in the October Phil. 
Mag. 

The plates I forwarded of our photographs were all smashed to pieces 
in transit, so we had to prepare fresh ones. 

We have had a very warm summer but the weather is now very cool 
and pleasant. I intend to pursue an easier life this year as I find that I 
feel lazy. You saw no doubt that Soddy says the alpha particle is 
initially uncharged. I will believe it entirely when I have seen it for 
myself. 

You were quite right about the radium botde. It has all precipitated 
again. Don’t worry about it, however, you did your best to put it into 
shape and I think I can manage all right, if it is lead, by doing a little 
chemical work myself. 

I was surprised to hear that Boltzmann had taken his own life. He is 
one of the last of the big men of the old school of Maxwell, Helmholtz 
and Kelvin. 

I got a letter from Levin from Paris, before his visit to Cambridge. 
He feigns happiness even if he has it not. Dr Rumelin will be over next 
month to represent your native land. 

I am glad you are getting things in shape in Berlin. I trust that you 
will be able to convince the ’savants’ that there is some method in our 
madness. 
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On I Oct. J. J. Thomson wrote a long and careful letter from 
Cambridge giving Rutherford an unbiased opinion as to the advisability 
of his applying for the Chair of Physics at King’s College. The 
authorities were amdous to make the post as attractive as possible and 
to give as many opportunities for research as they were able. The 
laboratory was not at that time well provided with apparatus and there 
was every prospect of having to secure a new staff. He added; 


the most serious drawback is the interruption of your work, and this 
must occur to some extent whenever you leave McGill. I do not like 
to take the responsibility of advising you strongly one way or the other 
and I am afraid my judgment might be warped by the strong desire to 
have you back in England. 


The letter concludes with a statement of the difficulty of Ending room 
at the Cavendish, “but we shall have more room soon, as Lord Rayleigh 
has given ^$000 to build a new research laboratory”. 

In April, there was a large gathering at the Franklin Institute, Phila- 
delphia, to commemorate the Bicentenary of the Birth of Benjamin 
Franklin. Rutherford received an honorary degree and on 18 April 
lectured to the Institute on “The Modem Theories of Electricity and 
their Relation to the FrankUnian Theory”. So much attention is paid 
to Franklin’s work in connection with drawing electricity from the 
clouds by the moist string of a kite, thus identifying hghtning with the 
more innocuous electric sparks in the laboratory, that one is apt to 
forget his careful experiments on insulated bodies (generally human) 
with a frictional machine given to the Library Company of Philadelphia 
by Peter CoUinson of Edinburgh. 

In his lecture Rutherford quoted the actual words used by Franklin 
in connection with his experiments and pointed out that, although the 
one fluid theory of Franklin scarcely survived today, yet the very terms 
of Franklin were still in common use, for example: 

At the same time that the wire and the inside of the botde [Leyden jar] 
is electrifred positively or plus, the outside of the botde is electrified 
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negatively or minus, in exact proportion; that is, whatever quantity of 
electrical fire is thrown into the inside, an equal quantity goes out at 
the bottom. 

Rutherford pointed out that “positive electricity is always found 
associated with bodies atomic in size**, a statement which is no longer 
true since the discovery of the positive electron, or positron, by 
Anderson. He continued: 

With regard to the question ‘What is Electricity?* so often asked the 
scientist by the layman, science cannot at present venture an adequate 
answer. Nor is this surprising when we consider what a fundamental 
part electricity plays in nature. We have seen that electricity is a 
constituent of all matter, and, indeed, that what we call matter is 
electricity in motion. Attempts have been made to explain electricity 
as a manifestation of the imiversal medium or ether, but until we know 
more of the properties of the ether, such theories must of necessity lack 
physical definiteness. Even if we may ultimately explain electricity in 
terms of ether, there remains the still more fundamental problem, 

‘ What is the ether?* An attempt to explain such fundamental concep- 
tions seems of necessity to end in metaphysical subtiltics. 

Rutherford was President of Section 1 1 1 (Mathematics, Physics and 
Chemistry) of the Royal Society of Canada in the year 1906. He had 
been elected a Fellow of the Society six years earlier. He went to 
Ottawa to lecture on radium and on the way he lost a small tube of 
that element in the car. In his address he stated what had happened 
and added that “the radium wiU be giving off emanation for several 
thousand years**. It was suggested that the railway carriage should 
be called ‘Rutherford* in accordance with the Canadian custom of 
giving a name to every passenger car. 

In 1906, Rutherford asked me to discover whether it was possible 
to measure the amount of radium in ore, such as pitchblende, by 
measuring the gamnu radiation which came from it as compared with 
that Erom a standard. The result, and the ore specimen, were sent to 
Boltwood for confirmation. He wrote: “My chemical nose would tell 
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me in two minutes that Eve’s uraninite contained over 40 per cent of 
uranium just from smelling it» so that 1 am quite sure that his 27 per cent 
is quite out of the question ! ” It was finally found that the radium solu- 
tion standard was potentially half-strength. “The water has attacked 
the glass and the silica and other things have precipitated the radium.” 
A new standard solution was prepared from Giesel’s radium bromide 
to which some acid (HCl) was added. Then Boltwood wrote: “The 
factor obtained by the use of this new standard gives a very good agree- 
ment for the amount of radium in Eve’s uraninite as determined by 
him by the gamma ray method. He finds 0*32 mg. radium per 
kilogramme, while the present standard gives 0*31 mg.” It was thus 
clear that gamma rays would reveal the true quantity of radium in an 
ore body, or in a radium preparation in radioactive equilibrium. 

In Nature (19 July 1906) there appeared a review of the work of 
Rutherford at McGill; 


So much work and such novel theories have naturally called forth 
criticism, but the discussions have always been chivalrous, buttons have 
been on the foils, and Rutherford’s extreme care of verifying every 
step by thorough experimental evidence has saved him from error to an 
extent quite exceptional. It is fortunate that so much of the development 
centred in a man to whom the remarkable instinct is possessed of rarely 
following side issues. 

His own successes as an investigator may be traced to a few well- 
marked characteristics. The first is his pertinacious and reiterated assault 
at the particular point which he wishes to attack. He has also an 
instinctive insight which often makes his initial point of view more 
trustworthy than the deliberate conclusion of some befogged experi- 
menter. Most noteworthy of all is the extreme simplicity and directness 
of his experimental methods. Some observers seem to grow happier as 
their apparatus becomes more complex. Rutherford selects some 
ingenious, straightforward attack, but the simplicity is supplemented 
by the genius which has enabled him to make such great contributions 
to our knowledge of the mutability of matter and of the atom in 
evolution. 

Professor Rutherford inspires research students with some of his own 
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enthusiasm and energy. He follows their results closely and is as 
delighted with any of their discoveries as with his own. He is generosity 
itself in giving a full measure of credit to those who do research work 
under his guidance. 

It has been jusdy said that [many a stream of research, be&ing the 
name of another, may be traced back to a Rutherford source. 

After the Annual Meeting of the British Association at York, 1906, 
a famous controversy was started in The Times by a letter (9 Aug.), 
from Lord Kelvin, who assailed the idea of the evolution of elements; 
declaring that the heat of the sun was due to contraction under gravity 
and that to assign it to radioactivity was a hypothesis without founda- 
tion; and maintained that radium was a molecular compound con- 
sisting of lead(?) and five helium atoms. 

Kelvin had to fight his battle almost single-handed, except for the 
embarrassing assistance of Prof. H. E. Armstrong, who criticised 
physicists in general as “strangely innocent workers under the all 
potent influence of formula and fashion” {Nature, 1906, p. 516); and 
claimed that ‘radium* was so scarce that no one knew anything about it ! 

Sir Oliver Lodge on 15 Aug. wrote a firm but rash letter in rebuttal. 
He declared, writing of Kelvin, that “his brilliantly original mind has 
not always submitted patiendy to the task of assimilating the work of 
others by the process of reading, and our hope has been that before 
long he would find time and inclination to look into the evidence 
more fully”. This statement roused the ire of The Times which wrote 
an ill-informed leader with an indignant and just repudiation of the 
slur cast on Kelvin. 

It is, perhaps, hardly respectful to suggest that Lord Kelvin publicly 
opposes opinions widi the grounds of which he is not acquainted. There 
are, no doubt, many things which Lord Kelvin does not read and upon 
which he offers no opinion. But that he offers a considered opinion 
upon a subject which lies in his own province, without knowing what 
has been done by othen, is more than the public will readily believe 
even on the authority of Sir Oliver Lodge. . .. 
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As for Lord Kdvin, he protested on the 20th: 

I am quite sure my old fiiend Lodge could not wilfully be unjust to 
me, but I do not think he knows how carefully and appreciatively I have 
done all I could by reading, and by personal intercourse with many of 
the chief ysrorkers in the field, to learn experimental results and theoretical 
deductions regarding radioactivity, ever since its discovery ten years 
ago by Henri Becqucrel. I scarcely think any other person has spent 
more hours in reading the first and second editions of Rutherford’s 
Radio-activity than I have. 

R. J. Strutt inquired in a letter (15 Aug, 1906): “What then 
becomes of the heat generated by the radium admitted to be present 
in the earth?” 

As the correspondence continued, it became clear that Kelvin admitted 
the production of helium from radium, which he therefore considered 
to be a molecular compound; hence his contention that there was no 
evidence for the evolution of atoms. 

On 22 Aug., Sir Oliver Lodge took the opportunity to “assure him 
[Kelvin] of my profound and affectionate regard”. 

In the meantime the man most concerned had been silent, but on 
25 Oct. Rutherford, who had been away from Montreal, wrote to 
Nature^ and quoted pp. 482-3 of the second edition of his Radio-activity , 
where he had aheady answered most of the points raised by Lord 
Kelvin. What are these answers? 

If radium is a compound, it is of a “character entirely different from 
that of any other compound previously observed in chemistry. Weight 
for weight, it emits during its change an amount of energy at least 
one million times greater than any chemical compound known.” More- 
over, 

the rate of breaking up of this compound is independent of great ranges 
of temperature — a resit never before observed in any molecular change. 
. . .Radium, as far as it has been examined, has fulfilled every test 
required for an element. It has a wellnnarked and characteristic spectrum, 
and there is no reason to suppose that it is not an element in the ordinarily 
accepted sense of the term. . . . The radium atom is built up of parts, one 
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of which, at least, is the atom of helium We must regard the atoms 

of the radio-elements as compounds of some known or unknown 
substances with helium.. . .1 have, for some time, considered that lead 
is the end OT final product of radium. The same suggestion has recently 
been made by Boltwood 

The controversy died down; the victory has rested with Rutherford, 
who is credited with saying that “when a single experimental fact is 
established which does not conform with the disintegration theory it 
will be time to abandon it”. 

Soddy, who had opened the discussion at the British Association, 
and taken part in the correspondence, gave a summary of the whole 
case in Nature (1906, p. 5 i< 5 ). There was something in Sir Robert Ball's 
‘ remark that “radium was not a mystery but a miracle”. 

How amazed Kelvin would have been, had he known, as we now 
know, that these remarkable feats under discussion were the properties, 
not of the atom as a whole, but of that minute central citadel, or nucleus, 
whose dimensions are but about a hundred-thousandth part of the 
linear dimensions of the atom. 

Mme Curie ably summed up the case thus: 

I see no use in combating the theory (that radium can no longer be 
regarded as a simple element) enunciated by Lord Kelvin. There is no 
disadvantage in occasionally stirring up scientific ideas and in discussing 
researches from different points of view. 

In every respect radium is a distinct chemical clement in the sense 
which chemistry attaches to this word. It is highly improbable that 
Lord Kelvin considers radium to be a compound analogous to other 
molecular combinations. And it is thus possible that the discussion may 
have turned rather upon words than upon definite ideas, since it is 
apparent that all atoms are complex entities and are formed originally 
out of more simple elements the nature of which still remains almost 
unknown to us. 

Long afterward Hahn wrote about his old days at McGill: 

Rutherford was so sincere and unassuming in his dealings with his 
students and with everyday things of life, that we two Germans [Hahn 
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and Levin] in particular were constantly filled with surprise and admira- 
tion. We had no doubt imagined that such a distinguished professor 
would be an unapproachable person, conscious of his digni^. Nothing 
could have been further from the truth. I still possess a small'photograph 
which shows him clearing away the snow from the entrance to his 
house. In this house were often evening guests, Ustening in rapt attention 
to the intimate piano-playing of Mrs Rutherford or to the spirited 
narrative of the Professor. 

Early in the year 1906, a photographer came to the Macdonald 
Physics Building to take a photograph of Rutherford working in his 
laboratory, for publication in the columns of Nature^ with an article by 
Dr A. S. Eve on the Macdonald Physics Building. Rutherford was at 
first reluctant, but later granted the photographer permission to take a 
few flashlight photographs showing him seated at his alpha-ray apparatus. 
The photographs were duly taken and were quite good. In the opinion 
of the photographer, however, the already famous professor was not 
dressed elegantly enough for the readers of Nature, Not even cuffs were 
to be seen peeping from the sleeves of his coat ! But the photographer 
found a way out; I was to lend Rutherford my loose cuffs. They were 
so arranged that they protruded well beyond the end of the sleeves. 
The photographer expressed satisfaction with the new photograph. As 
a result, in one of the volumes of Nature for the year 1906 (Nature, 74, 
p. 273), we see not only Professor Rutherford seated alongside the 
apparatus with which he carried out his epoch-making experiments on 
the alpha-rays, but also one of the cuffs of a young research student, 
who treasures his sojourn with one of the greatest masters of physical 
research as one of the most beautiful memories of his life. 


In the summer Rutherford wrote to Hahn who had then left McGill 
and returned to Germany: 

20 Aug, 1906. I am writing at present from a place called Lost River in 
the country about 70 miles from Montreal where my family are 
vegetating for three weeks. I arrived back from California about a 
week ago and left next day for the country, so I had not much time to 
attend to correspondence. I had a very good time in CaUfomia and 
enjoyed my lectures. I had a class from 30 to 40, mostly professors and 
instructors, and managed to keep them interested. I found it very 
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(Micult to get through much work, but finished the indexing of my 
book and the writing of the papers on the mass of the alpha particles, 
I sent oflf our joint paper at the same time as my own. The proofs will 
be returned to me at McGill for correcting, so it will be some time 
before they appear. I saw in California that your two papers appeared 
in the Phil. Mag. They both read very well. 

I had an interesting time in California and wandered about a good 
deal. The weather was rather chilly most of the time. I spent two days 
at the Arizona Canyon on the way back and enjoyed myself thoroughly. 
I was glad to hear from Levin that your arrangements in Berlin were 
satisfactory. I hope to have the pleasure of renewing our acquaintance 
next summer as I hope to visit Germany. I shall miss both you and 
Dr Levin very much next year. The latter has sent a brother-in-law in 
his place. 

About 1906 Rutherford bought a piece of land in Montreal on the 
north-west heights of the West Mountain, with a fine outlook towards 
the Lake of Two Mountains. Plans for a house were prepared and 
there was every intention to build, but his appointment at Manchester 
upset the scheme. 

The preliminary steps had been taken by Prof. Schuster, who was 
retiring, to secure Rutherford as his successor to the Langworthy Chair 
of Physics at the University of Manchester. Rutherford wrote in reply : 

26 Sept. 1906. I was very glad to receive your kind letter in reference 
to the Chair of Physics at Manchester, as it came at a time when I was 
seriously considering my future plans. I have had to decide during the 
past year between the attractions of McGill and Yale University and 
finally decided to remain here. My chief reason for this step was my 
hope to return ultimately to England to a position where I would not 
have to sacrifice laboratory facilities by so doing. The position at King’s 
College seemed to me to invite the probabiUty of the latter. 

I very much appreciate your kind and cordial letter and am inclined 
to consider very favourably the suggestion of becoming a candidate for 
the position you propose. The fine laboratory you have built up is a 
great attraction to me as well as the opportunity of more scientific 
intercourse than occurs here. 
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It may possibly save time if I briefly state my views on the suggestions 
made in your letter. I should be prepared to give five lectures a week 
but no more, as otherwise there would be a serious curtailment of time 
and energy for research. At the same time, I should like to feel that 
there was sufficient lecturing staff in the department to give over one or 
more of these lectures occasionally in order to substitute a course on 
some special subject in which I was interested. I have had a good deal 
of committee work here as I belong to two faculties. I would be quite 
prepared to do my duty in that respect but would like to escape, as far as 
possible, from too much committee routine not involving my own or 
aUied departments. 

There is one point of importance on which I should be glad of further 
information — ^namely the state of the funds for the working of the 
department, including the amount for general teaching, research, etc., 
and how far the powers of decision in regard to expenditure are in the 
hands of the Director. 

I need hardly tell you how much I appreciate the suggestion coming 
in the way it has. I fully recognise the spirit of self-abnegation displayed 
by you in the letter. Nothing could give me greater pleasure than to 
have you a member of the department to add your strength in the 
branch — ^Mathematical Physics — in which I should most value assistance. 
It is hardly necessary for me to say that I should be only too dehghted to 
have your assistance and advice and I am sure that, as far as I am person- 
ally concerned, you would never regret the arrangement. 

I should be glad to hear when you expect a decision to be made. 
Should I be appointed, I presume that I would not have to take up my 
teaching duties until next October. 

Classes arc now in full swing and I have settled down to another year 
of busy work. Kindly remember me to Mrs Schuster. 

BRAGG TO RUTHERFORD 

Adelaide: lo Dec, 1906. Thaxik you very much for your paper on the 
retardation of the alpha particle in going through matter. It was 
splendid to get your results so clear. 1 want to congratulate you also 
on your success on measuring the ratio of charge to mass, and the 
velocity, in so many different cases. It is a great achievement for it must 
have made the most exacting demands on your skill and patience. . . . 

10 
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‘ Rutherford, following some important work by Dewar, passed sm 
and radium emanation through a tube containing coconut charcoal. 
He found that the emanation was wholly absorbed by the charcoal; 
the emanation could be released at will, by raising the temperature of 
the tube below a red heat. 

He at once requested me to determine the amount of radium emana- 
tion per cubic metre present in the atmosphere, which was duly carried 
out. The absorption of gases by charcoal has not only played a successful 
part in the use of gas masks as protection from poison gases in war time, 
but its use has gready improved the production of high vacua in 
electric lamps, etc. This method is also employed in making Dewar 
flasks, which, placed in a metal holder, are better known as Thermos 
flasks. Our debts to Dewar are great. 

Prof. O. W. Richardson wrote to Rutherford from Princeton Uni- 
versity, New Jersey, raising a question of interest and importance: 

'4 Nou, 1906. There is a point in connection with the measurement of the 
electric charge per unit mass for the alpha rays which seems just worth 
while considering, particularly in view of the idea, which Soddy claims 
to have established, that the alpha rays start by being initially uncharged. 
The point is this, that it is possible that the rays keep getting charged 
and discharged in succession during their flight, these changes taking 
place presumably during collisions. The discharge may not necessarily 
be complete ; the particle may simply have a greater charge at one period 
than another. . .. 

I expect the alpha particles are helium with the double average charge 
as you suppose but I am inclined to think there is something in this 
charging, discharging idea. I shall be glad to know if you have ever 
considered it, and if you have not if you think there is anything in it. 
In any case it is interesting to know that even with such a queerly 
constituted alpha ray the velocity would come out right and ^e e/M 
only altered by the factor spedfled.! 

At a much later date Henderson of Dalhousie proved this surmise to 
be correct, and Rutkerford, taking a great interest in the subject, also 
verifled the results experimentally. 
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Max Levin wrote firom Gotdngen (i8 Nov. 1906) to Rutherford on 
the ** strange fact that potassium is radioactive”; he added that his 
brother-in-law Dr G. Riimelin of Freiburg was vmting “delighted 
letters from Montreal”, where he had joined Rutherford to do research 
work with him. Riimelin, a gentle, kindly soul, a good physicist and 
musician, was killed in the War. Levin translated Rutherford’s Radio- 
active Transformations (Constable & Co.) — ^the Silliman Lectures — ^into 
German. He also wrote to Rutherford: “It is extraordinary how well 
the period of radium deduced by Boltwood agrees with your calcula- 
tions.” 

RUTHERFORD TO HIS MOTHER 

Montreal: ii April 1906. I go to Philadelphia next Monday to attend 
the bicentenary of Franklin. I am giving an address there. I hear this 
morning that the University of Philadelphia intend to confer on me the 
honorary degree of Doctor of Laws (LL.D.). I am rather youthful for 
such honours, as they are usually the special perquisite of septuagenarians. 
This is my first honorary degree. They don’t worry me much, I can 
assure you, but one is supposed to value them very highly — ^I imagine the 
esteem is largely dependent on whether you feel you deserve them or 
not. It is possible I may go to California to lecture in the summer and 
will spend a week at the Univenity of Illinois to give six lectures. It will 
be an interesting experience and will add a little to my depleted banking 
account. (Later.) I had a very interesting time and the lectures were a 
success in every way. I leave on Monday next for the University of 
California stopping en route with Professor Trowbridge, of Madison, 
for the University of Wisconsin is giving me an honorary LL.D. degree 
there on June 20. 

University of California, Berkeley: 10 July 1906. I am taking part in the 
summer session — at which about 750 students attend. I have passed 
through Frisco twice and seen the ruins of the fire [after the earthquake] . 
It is certainly a most depressing sight. For miles there is nothing but 
heaps of bricks and tangled ironwork. Wooden buildings are going 
up everywhere for temporary use. 

4 Aug. 1906. I am staying at the El Tovar Hotel right at the edge of the 
Grai^ Canyon Arizona. The hotel is located right on the edge and 
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you look twelve miles across a mass of peaks of sandstone and rocks of 
various colours left like batdements and castles 3000 to 6000 feet above 
the level of the Colorado ravine, which is out of sight from here and a 
mile directly below the hotel. The colours are very beautiful. I went 
down by mule today to the Colorado River. It was a very steep trail 
in parts and I walked and rode alternately. We got back after nine hours 
pretty steady work and I now feel pleasandy tired. There is an Indian 
house nearby and the Indians are dancing for the benefit of the guests of 
the hotel. The main point seems to be the music, which reminds me of 
catcalls. I visited the Lick Observatory and stayed with Professor 
Campbell, the director, for two days. I had a very pleasant time and 
saw through the big telescope. I also visited the University of Leland 
Stanford at Palo Alto, and saw the way the earthquake had knocked it 
about. 

17 Dec, 1906. I have received the offer of the Physics Chair at Man- 
chester. I think it quite likely I shall accept. I think it is a wise move for 
a variety of reasons. I shall receive a better salary and be director of the 
laboratory and what is most important to me, will be nearer the centre 
of things scientifically. 

RUTHERFORD TO HIS WIFE 

Berkeley, Cal : 25 June 1906. Arrived at Oakland on Sunday afternoon 
after a pretty pleasant journey. The weather was a htde hot at times. . . . 
Met at the station by Prof. Lewis. . .took a car up to the house where 
supper was ready.. . .The household is very simple and things are run 
in a quiet way. The house is built on the side of a hill and is of the type 
of summer cottage you arc so enamoured of. This morning I went to the 
University and met a few of my class, but I start regular work tomorrow. 
I have arranged for two rooms with a Prof. Wrinch and his wife — not 
with them but in their house. I shall take my meals at the Faculty Club. 
I move in tomorrow — Today has been foggy and distinctly chilly and 
we had a fire in the sitting room all the afternoon.. . .1 did not tcU you 
about my concluding day at Madison. It was stormy but we went for 
a drive round the lake front where it is very pretty. 

Berkeley, Cal, : 27 June 1906. I went into my new quarters on Tuesday. 
I have a small sitting room. . .and a small bedroom. . .1 think I will be 
very comfortable. I go over to the Faculty Club for meals and do not 
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lack for people to talk to. I have an advanced audience of twenty-five 
to attend my lectures, mosdy lecturers and professors, so I cannot 
complain. Everybody is very kind and I think I shall enjoy my stay 

here Loeb has invited me to go from Friday to Monday to see his 

seaside lab. at Pacific Grove about 100 miles from here. Mrs Loeb will 
be there and we are to make a twenty mile driving expedition on 
Saturday. I go with Lewis tomorrow to look at the ruins of Frisco. 
Last night I heard a lecture on the Frisco earthquake by a Jap, and 
Prof. Lawson. The Jap’s voice was weak and I did not hear a word, but 
Lawson was interesting and showed exaedy what happened, by photo- 
graphs. 


29 June 1906. . . .In order to get to Pacific Grove this afternoon I have 
to pass through the ruins of Frisco and I will give you a report thereof. 
I expect to be back Monday afternoon. I am to be given a free pass over 
the Californian Railways, so can career round with litde expense. I am 
very busy preparing the index of my book. The proofs were sent to me 
direct, and I have forwarded them back again. There is no sign of the 
effects of the earthquake in Berkeley. There was a camp of refugees in 
the University until a fortnight ago but they have all gone. Oakland is 
filled with people, but a great number are now located in shacks in 
Frisco itself. 


3 July 1906, I left here at 2 to go to the Loebs We first took the 

electric car to the ferry at Oakland and then to San Francisco. We passed 
through the city by car to the Southern Pacific Station rightthrough the 
burnt part of the city. There was not a single house standing unbumt 
the whole route, but the streets on either side are covered with masses of 
fallen brick and twisted iron. Occasionally there is the shell of a building 
which still remains erect though burnt out It is a pretty desolate looking 
spot, and dust is flying everywhere. The car lines are all running and are 
filled to bulging with people, but there is nothing doing in the burnt 
part, except here and there a wooden shack has been built for business 
temporarily. They are awaiting the money from the insurance people 
before rebuilding. We left by train at 3 and had a very pleasant, tiiough 
warm, journey through beautiful country to Pacific Grove, arriving 
there about 7. We saw the ruins of a number of buildings en route and 
could just see the shell of the ruined chapel at Leland Stanford University. 
Loeb met us, and had taken rooms fi:>r us at the local hotel. We then 
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took a car to his lab. and bungalow, about a mile away, on die sea shore 
between Pacific Grove and Monterey. His house is a small one of wood 
of four rooms, including a small kitchen. Water and light is laid on. 
Mrs Loeb who had gone down a day before had diimer ready for us 
which we enjoyed thoroughly. She was main cook, an art which she 
acquired a year ago. A big salmon was the centrepiece of the meal. 
They are catching these by the thousand in the bay — Spent the 
morning in Loeb*s Lab., he is very busy there doing experiments in 
parthenogenesis and showed me all his methods of developing the sea 
urchin’s eggs without fertilization. They were extraordinarily interesting. 
I first tried the normal method with the spermatozoon, and saw the egg 
develop in the course of a few hours. I then developed the beggar from 
the egg till he swam, by adding appropriate chemicals, without calling 
in the aid of the male. It took only about a minute to form the membrane 
and about three hours to get division of the cell and twenty-four hours 
to have them divided into sixty-four and swimming round. They are 
really wonderful experiments and he appears to me to be on the right 
track for great discoveries. Loeb is a short dark man, German Jew by 
origin, but not Semitic-looking, about forty-five and getting grey. 
I like him very much and I find we have a lot in common. He is very 
modest but a terrible enthusiast, worse than I am. Mrs Loeb is a very 
pleasant woman about his age. She was a Ph.D. of Zurich in Philology. 
He is rather helpless outside his lab. and she appears to look after him 
like a child. She is a pretty fiery character when she is roused and gives 
Jacques Loeb, as she calls him, a hot time when he gives vent to views 
she doesn’t approve of. As she has no maid I helped wash up die 
breakfast things while Robertson swept out the dining room. We went 
to limch at a restaurant. On Sunday we took a horse shay and went the 
seventeen mile drive through a natural park and reservation a good deal 
of the way close to the sea shore. The day was ideal and we all enjoyed 
it thoroughly. On Monday morning Mrs Loeb was to accompany us 
back to Frisco, but her husband forgot her ticket so she waited for a later 
train. We passed through Frisco again, had lunch at an impromptu 
Italian restaurant, and we got back here at three. 

Berkeley, Cat : 6 July 1906. . . , Not much to record except an attack of 
diarrhoea on my part. The meals at the Club are not up to standard, 
and I am sure I got a dose of ptomaine poisoning from some soup there 
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on Wednesday evening. I was feeling sick and miserable all Thursday, 
but managed to get through my lecture. Am pretty well right today. 

. . .My lectures are going very well, and I have quite a fair class Tea 

with Mrs Loeb, and the Taylors were there. He is a physiological 
chemist and a good fellow. She is a well known concert player here and 
certainly plays well even to my ignorant judgment. They were living 
in Frisco at the time of the earthquake, and she was in the midst of an 
attack of diphtheria. He had to secure a waggon and carry her out of 
town. The first night he intended to leave her in a house unhurt by the 
earthquake, but her nerves gave way and she refused to stay there. He 
then had to get another waggon and drive her into the country in the 
middle of the night and was held up by hoodlums, but managed to calm 
them with a rifle. Finally he placed her in a country sanatorium but in 
the mean time she had got reinfection. Altogether he had the devil of a 

time for three days I am worried with reporters, but trust I shall 

escape without much damage. We have had beautiful summer weather 
for the past week — ^an absence of daytime fog, which is so conunon 
here. A fog however always comes down at sundown. 


9 July. It strikes me that I am writing more letters than I receive. ... I 
lectured today on the condensation of the radium emanation and had the 
president for one of my audience. He told me that there was one thing 
he understood and that was the use of the sealing wax for charging the 

electroscope I feel that I am getting a little lazy in this fine chmate. 

I got through the index of my book, however, which I am very pleased 

to get off my hands I find that if Montreal is expensive, Frisco is far 

more so. I understand a large part of the professors are perennially m 
debt. 


15 July 1906. ... I don’t know when I will be able to get away. In any 
case I ought, now I have the opportunity, to spend a couple of days at 
the Arizona Canyon and see something of the greatest wonder of the 
world. I forget howfar I told you of my doings this week. . . . Yesterday 
I went with the Taylon and Robertsons foe a trip to Mt Tamalpais 
about 2000 ft. high. We first took car and ferry to Frisco, then ferry 
to Sausalito and then the mountain railway to the top. Started at 8.40, 
and got to the top at 1 1.50. After lunch, we started to walk down. It was 
a beautiful sunny day and we got a splendid view of the surrounding 
country. The ti^ was rather rough through chaparral, and a path 
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washed out by the rains. Got back to Frisco at six and then went down 
to a restaurant, had dinner and got back about ten. This morning the 
president called and wanted me to lunch at his house. ...lam trying to 
work as well as lecture, but find the combination difficult in this cHmate, 
with so many distractions around. I hope to visit the Lick Observatory 
next Saturday. Make any arrangements you like for your country 
trip 

While at McGill, and indeed all through his Ufe, Rutherford was 
an omnivorous reader with a retentive memory. At the end of a hard 
day of work and thought, it was necessary to switch off the resultant 
nervous strain by turning to light reading. Novels and detective stories 
often served this useful purpose and the librarians at McGill sometimes 
had difficulty in meeting his insistent demands. His wife says that 
four library subscriptions did not supply quickly enough the stream of 
biographies, history in popular form, novels and books of general 
interest, which Rutherford read in the evening after he had stopped 
work. It was hard to meet the demand at McGill and it became much 
more difficult in Cambridge. In the country, after lunch, he could take 
a short sleep and wake up perfectly refreshed, without the unpleasant 
interregnum that some day-sleepers experience. Bridge would also 
serve as a recreation in the evening, but a day in the open air, preferably 
at golf, was his most invigorating tonic. 

Rutherford insisted that many scientific men, particularly in the 
United States and Canada, spent too great a part of their time at their 
offices. He recommended that professors should spend more time in 
thinking and less in doing. “Go home and think, my boy”, he used 
to say. 

The hunt for the elusive parent of radium was continued with much 
zeal and little success. In November, 1906, Boltwood had written to 
Rutherford: “I have^ foimd the long-sought intermediate product 
between mranium and radium. It’s actinium. You will remember that 
I have suspected for a long time that actinium was the father of that 
radium infant, and, as I wrote you last winter, 1 just put the suspected 
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gentleman under observation.” This hasty conclusion of Boltwood’s 
turned out to be erroneous. He had prepared a solution of actinium 
and it was true that radium continued to increase in that solution. He 
sent some of it to Rutherford who verified that it grew radium — but 
did the radium come from the actinium? 

The difficulties of this period are set forth in a letter from Rutherford 
to Hahn: 

6 Jan. 1907. I was very glad to hear from you at Xmas time and to 
know that all was going well with you. You will be interested to know 
(I expect Levin will have informed you too) that I am to leave McGill 
having been appointed to the Professorship and Directorship of the 
Laboratory at Manchester (Eng.). I will leave here in June and start 
work in October. 

The Laboratory is a very good one and also the salary, so I expect to 
have a good time there. I shall be glad too to be nearer the scientific 
centre as I always feel America as well as Canada is on the periphery of 
the circle. 

I went down to New York for a day to the Physical Society at Xmas 
and gave a paper on the ‘‘production of radium from actinium”. 

My results will appear in Nature, I trust, in a week or so. It is very 
difficult to prove that actinium is for certain the parent of radium. The 
points you raised in your previous letter also occurred to me and I had 
them well in hand experimentally when you wrote. 

Boltwood came up for a couple of days to stay with me before New 
Year. He is a very fine fellow and good company and is very well fitted 
for his special line of work. It rained hard all the time he was here. 
There was a scare the other day as Professor Porter’s rooms in the 
Chemistry Building took fire. Not much damage was done. The fire 
was due to a high tension a.c. wire striking the clock circuit outside 
the building. It is weH it was discovered. 

In regard to the alpha particle and helium, etc., and die fitting in of 
atomic weights, I am not worrying about it at present. I think the 
density of helium determined by Ramsay is alright. It may yet turn 
out that the alpha particle is hydrogen and that helium comes from a 
rayless product. Boltwood swears dut it is impossible that helium comes 
from thorium — so you will have a chance of improving this guess. The 
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whole problem is very mixed. The difficulty lies in the fact that the 
alpha particle moves “in a peculiar way its wonders to perform”. 

Richardson has si^gested to me it might be a hydrogen atom which 
gains and loses a charge alternately at each collision with a gas molecule. 
Under some conditions, the measured value ejm would then be 5000, 
agreeing with our value. The whole question is still sub-judice. We 
want a new method of attack. 

Rutherford wrote again to Hahn in March congratulating him on 
his new discovery of a radioactive substance intermediate between 
thorium and radiothorium, which was fittingly named mesothorium. 

It is clear that Rutherford’s suspicions were now thoroughly aroused, 
for radium grew independently of the amount of actinium in his 
solution. 

RUTHERFORD TO HAHN 

March 1907. I was delighted to get your letter and to hear of the great 
things you are doing with your thorium family. It sounds very interesting 
and I hope you will get a good commercial method of separation of the 
members of the family. If you do so, kindly remember me when the 
time comes for the first distribution of the commercial article. 

I sec you think two years is about the half period of radiothorium. 
It is about what you supposed from your measurements here. The name 
mesothorium seemed good enough for the new product but I really 
think we shall have to get to work soon to revise the nomenclature. 
I expect to add another one or two soon to complete the parentage of 
radium but of that more anon. I will not say anything of the residts in 
your letter till you give me permission. 

I was very glad to hear you and Levin were taking part in the Radio- 
active meeting of the Physical Chemical Society. It will be a good 
advertisement for both of you and legitimate ones of that character are 
not to be despised by the embryo professor. I hope you have a successful 
meeting and would like to be there — ^in the audience ! 

By the way, do not pay too much stress to Boltwood’s views of the 
position of actinium in ffie uranium-radium series. I think it not unlikely 
I shall put it out of court soon — at any rate experiments look that way. 
I can grow radium quite plentifully but I find 1 can grow it pretty well 
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independently of the amount of actinium — ^at least my experiments 
indicate this as far as time has allowed. 1 had Boltwood up at Xmas and 
had a couple of pleasant days with him. I will have to be far reduced 
before I start tampering with the number of alpha particles expelled 
from an atom. If we once do that, all calculations arc reduced to chaos. 

My wife and Eileen are both flourishing and the former sends her 
kind regards and best wishes. I leave for Manchester May 17th by 
the Empress of Ireland and will spend some time in Manchester making 
arrangements for the season in October. 


RUTHERFORD TO HIS MOTHER 

Montreal: 18 April 1907. The time is rapidly approaching when we leave 
Montreal. I undentand the university is giving me the LL.D. degree 
(honorary, my third one). A fortnight ago I went to Toronto and gave 
two lectures there and then went on to New York. While I was there 
I heard of the destruction of the McGill engineering building by fire 
and came back to find very little except the walls standing. The building 
was valued with its contents at about a million dollars, for it was one of 
the finest, if not the finest, engineering laboratories in America. Last 
Tuesday (ten days after the previous fiire) the medical building was also 
destroyed by fire and incendiarism is suspected. The university buildings 
are now patrolled by night-watchmen to prevent a repetition. The 
university has more or less got the jumps and a telephone ring late at 
night gives me the jumps* expecting to hear of another fire. 

A resolution of the Faculty of Applied Science, expressing regret 
at Rutherford’s departure from McGill, was forwarded by Dean H. T. 
Bovey: 

In the course of nine years, crowded with epoch-making researches. 
Professor Rutherford has permanently associated the Macdonald Physics 
Laboratory with discoveries of such significance that their ultimate 
effect on the conception of the Physical Universe cannot yet be foretold ; 
has thereby extended the fame of McGill University to all parts of the 
world, and has attracted to her laboratories distinguished men from 
Europe and the United States. 

His energy, directness and independence of view, combined with 
University experience in another Colony, as well as in the Old Country, 
made his opinion on Univenity Politics one of the first and most 
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valuable to be obtained; witness the leading share he took in organising 
the courses for higher degrees. In all such business his sincerity and 
geniality enabled him to take a strong line without risk to the warm 
personal friendship with every member of the staff, which would make 
the occasion of his departure one of pure regret, did not his colleagues 
rgoice in his advancement to a sphere where he may render still more 
eminent service to the cause of Science at large — 

In his letter to Principal Peterson, Rutherford explained that **the 
determining factor in deciding to go to Manchester was my feeling 
that it is necessary to be in closer contact with European science than 
is possible on this side of the Atlantic. . .**. 

In 1907 Cox and Rutherford were trying to arrange with the Uni- 
versity authorities for the transfer of W. H. Bragg from Adelaide to 
McGill as Professor of Theoretical Physics. 

Unfortunately, the Engineering Building and a large part of the 
Medical Building were burnt in two separate fires within an interval 
of less than a fortnight. In the crippled state of finance the appointment 
of an extra Professorship had to be dropped. This was a great misfortune 
to McGill, but a gain to Leeds, where Bragg went in 1908. 

BRAGG TO RUTHERFORD 

Adelaide: 17 Dec, 1907. I am sorry the Montreal proposal has fallen 
through, for the time at least. It was an attractive idea that I should 
be asked to do post-graduate and research work only; in such a splendid 
laboratory and in such good company: and in many ways I should have 
liked an experience of Canada. But finances have a way of ruling other 
things, and it is easy to understand that money is hardly forthcoming 
for new ventures where there have been such heavy losses by fire. It has 
been a great compliment to me that I should have been asked; and I do 
not know but that I value even more the kind way in which you did the 
asking and the goodwill with which Cox has worked for my transfer. 
You must nbt be troubled in the slightest because you had to tell me the 
proposals were to be dropped. I am no worse off than before: in fiict 
I am better off. I have had my compliment, and found some new 
interests 



1907] ARRIVAL IN ENGLAND I57 

In the collection of letters to Rutherford from W. H. Bragg there 
arc several dealing with the reflection of X-rays from crystals; beautiful 
work, for which W. H. and his son W. L. Bragg obtained a Nobel 
Prize in 1915. This great result rather emphasised the wave theory of 
X-rays although obtained by the advocate of the corpuscular aspect. 

J. J. Thomson has given an authoritative summary of the magni- 
tude of Rutherford*s scientific achievements during the years he spent 
at McGill University: 

Rutherford’s scientific activity was never greater than when he was at 
Montreal. In the years between coming to Cambridge and leaving 
Montreal to be Professor of Physics at the University of Manchester 
he had published between forty and fifty papers; a few of these were 
joint papers, but the great majority were about researches of his own 
which led to results of first-rate importance and which could not have 
been obtained by anyone who was not an experimentalist of the very 
first order. 

On 24 May the Rutherfords arrived in England from Canada and 
spent a few weeks in Manchester looking for a house and meeting new 
colleagues. The summer was spent at MuUion and Mortehoe, where 
they were joined by Mrs Newton and her son Charlie, then a medical 
student at Edinburgh. 

RUTHERFORD TO HIS MOTHER 

The University f Manchester: 30 June 1907. You will have heard details 
of our trip to England. At present I am staying here to make arrange- 
ment for work and to get things well in hand for the beginning of the 
session in October. The laboratory is very good, although not built so 
regardless of expense as the laboratory at MontreaL I went down to 
London a week ago aaid attended a meeting of the Royal Society, the 
Royal Society soiree, and a meeting of the Chemical Society. The soiree 
at Burlington House was a big affair. Lord and Lady Rayleigh, President 
of the Royal Society, received, and Balfour was present as Virell as most 
of the scientists and their wives. On Friday night we were guests of the 
staff of the Physics Laboratory and had a pleasant dinner. My pre- 
decessor, Professor Schuster, was present and also Dr and Mrs Hale of 
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California— a noted astronomer who is in command of die Carnegie 
Solar Observatory— by far the greatest and most important in the world, 
on the summit of Mt Wilson in California. On Saturday morning, the 
degrees were given in Whitworth Hall before a large audience and the 
Vice Chancellor, Dr Hopkinson, was quite a picture in his knee breeches 
and his University rig-out. After a short holiday in Cornwall I give a 
talk to the British Association meeting at Leicester on the “ Constitution 
of the Atom”. 

P.S. I have a story to tell you which I heard yesterday and which my 
modesty almost forbids me to relate: Baron Kikuchi, Japanese Minister 
of Education, was here yesterday and was introduced to me by Schuster. 
Later he said to Schuster, “I suppose the Rutherford you introduced me 
to is a son of the celebrated Professor Rutherford ! ! 1 ” 

Sir William Ramsay made incursions into radioactivity which were 
singularly unfortunate. He was a great chemist, foremost among the 
men of his day. He was the discoverer of the presence on the earth 
of helium — ^an clement whose existence in the sun had been revealed 
to Norman Lockyer by the spectroscope. To Lord Rayleigh belonged 
the credit of the discovery of argon, but Ramsay had then collected 
large quantities and explored the properties of that gas. Ramsay had 
three more rare and noble gases to his credit— neon, xenon, krypton. 
The first-named is familiar to town-dwellers today in ftequent illu- 
minating signs. 

I Imagine then the excitement and surprise when Ramsay announced 
in Nature (18 July 1907) that if some emanation of radium was mixed 
with water there appeared neon, with only a trace of helium; but that 
if the emanation was mixed with a solution of copper sulphate there 
appeared no helium at all but only argon, while the copper gave rise 
to lithium. 

Here at last was the transmutation of elements with a vengeance ! 
These statements, backed by Ramsay’s great and deserved prestige, 
supported by his known skill in handling small quantities of gas and 
in using the spectroscope, produced a mixture of admiration, astonish-* 
ment and bewilderment. The whole aftair has since proved to be a mare*s 
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nest, all except the £nt observation of helium from radium by Ramsay 
and Soddy. Boltwood was scornful and wrote to Rutherford: “I 
wonder why it hasn*t occurred to him [Ramsay] that radium emanation 
and kerosene [paraffin oil] form lobster salad.*’ Perhaps the atmosphere 
can be conveyed by an extract from a letter from Boltwood to Ruther- 
ford. After considerable invective of a humorous type, he settles down 
to this:/ 

I write with some feeling on this matter because I had a devil of a time 
trying to persuade some of my chemical friends last summer that 
Ramsay was not the whole show in radioactivity. We had a general 
meeting of the American Chemical Society here in New Haven at the 
end of June and practically every mother’s son that I met was firmly 
convinced that Ramsay was the biggest thing that could be seen on the 
horizon. Practically not a single one was willing to concede that he 
even ‘might be wrong’. I did not attempt to persuade them that he was 
wrong, but only attempted to prepare their minds for the denials of his 
conclusions which I felt sure would be forthcoming. I think that most 
of them felt the same sort of pity for me that a good catholic feels for 
one who is not a true believer. For the Pope can do no wrong. 

I had an interesting talk with Ames [Professor of Physics at Johns 
Hopkins University] last winter at the time of the Physical Society 
Meeting. He got me to one side and asked me very cautiously what I 
thought about the ‘lithium, argon, neon’ business. I asked him whether 
hchadread the Cameron andRamsay paper in the Journal of the Chemical 
Society. He said that he had, and then 1 askedhim whether he found any- 
thing to show that the lithium had not come from the glass or the reagents. 
He said “that was just what bothered me’’, and 1 told him that I thought 
the paper was all rot and rubbish. He replied “Th-Th-That was just 
what I t-t-told Remsen and he didn’t like it. It was through Remsen 
that the first news reached the American press, he having been informed 
of the ‘great discoveries’ in a private letter from Ramsay.’’ 
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except those who do nothing; but it was hard for Rutherford to hold 
the scent when so many of the hounds were starting and chasing hares. 
Some questions remain. Who discovered that alpha particles were 
helium? The man who first saw the spectrum? or the man who found 
that the charge per unit mass was half that of hydrogen and concluded 
mass 4 and charge 2 was the true deduction, considering the large amount 
of hehum in radioactive rocks? or the men who collected alpha particles 
and proved them helium? 

When Rutherford gave his Nobel Prize address in December 1908, 
he referred to these early discoveries in these words: 

Using 30 milligrammes of GiesePs preparation Sir William Ramsay and 
Professor Soddy in 1903 were able to show conclusively that helium 
was present in radium some months old and that the emanation produced 
helium. This discovery was of the greatest interest and importance, for it 
brought to light that in addition to a series of transient elements, radium 
also gave rise in its transformation to a stable form of matter. 

A fundamental question immediately arose as to the position of 
hehum in the transformation of radium. Was the hehum the end or 
final product of the transformation of radium, or did it arise at some 
other stage or stages? In a letter to Nature (20 Aug. 1903) I pointed out 
that hehum was derived from the alpha particles fired out by the alpha 
ray products of radium, and I made an approximate estimate of the 
rate of production of hehum by radium. It was calculated that the 
amount of hehum produced by a gramme of radium should be between 
20 and 200 cubic millimetres per year, and probably nearer the large 
estimate. ... In 1908, Sir James Dewar found that the rate of production 
of hehum was 154 cubic millimetres per gramme per year, not far 
from the value calculated as most probable five years previously. 

There was again a spirited atmosphere of discussion at the Leicester 
Meeting of the British Association (1907) : 

Professor Rutherford championed the electrical theory of matter., . . 
The elective actions of the dectron all seemed to be confined to a small 
volume, and the electron itself was uniformly small in dimensions 
compared with the atom of ordinary matter. . . . Certain it was that the 
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existence of the electrons had been definitely proved, for they now knew 
of a variety of methods by which they could produce them in enormous 
quantity. The electron, he submitted, had come to stay [cheers] and 
the view that it was a constituent of all matter had been greatly 
strengthened by recent investigations. . . . 

Sir Ohver Lodge complimented the opener [Rutherford] on the 

agdity with which he had skated over this tremendous subject In 

some respects the electrical theory of matter did not receive the full 
approbation of Lord Kelvin. It was always interesting and often 
hazardous to differ from Lord Kelvin, although the latter had taken of 
late to the slaying of his own children [laughter] and sometimes they 
had to appeal from Lord Kelvin to Thompson and Tait 

At the same meeting Sir William Ramsay announced another 
remarkable and startling discovery. He declared that, by placing radium 
hermetically closed in a glass vessel, the electrons emanating from 
the radium through the glass, and falling on a nickel bar placed 
in juxtaposition, had the effect, after a certain time, of covering the 
bar with a film of radioactive matter, which could be separated by 
chemical treatment. His conclusion was that some sort of transmutation 
took place converting the nickel into some other substance, this being 
characterised by its radioactivity. 

This very erroneous statement, coming from so eminent a chemist, 
was believed for a time by many. The experiments have been repeated 
and the effect may be attributed to some escape of radon leading to 
a radium active deposit. With proper care in avoiding leaks no such 
effect can be produced, no, not with five grammes of radium, as 
McLennan and Grimmett showed at the Radium Beam Therapy 
Research at a later date. 

RUTHERFORD TO HIS MOTHER 

1 8 Aug. 1907. The British Association Meeting at Lcic«ter was a great 
success — ^about 200 present. 1 started a discussion on the ** Constitution 
of the Atom**. Lord Kelvin, who is still as lively as ever, Sir Oliver 
Lodge, Sir William Ramsay, Larmor, and others took part. It was the 
best discussion at the meeting. I also gave a couple of other papers. 
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Everybody is very kind and apparently glad to see me back for good in 
England. I return to Manchester in a week’s time to get things going 
for the beginning of term. I shall have a number of researchers over 
from Germany — ^probably fifteen in all. My two German researchers 
(at McGill) have turned out very good men and have got through a 
good deal of work. 

About this time Rutherford was elected to the Athenaeum under 
the rule which empowers the annual election of a certain number of 
persons of “distinguished eminence in science, Hterature, the arts or 
for public service”. 

Whenever Rutherford appeared at the Club a knot of members 
tended to gather roimd him and he became the centre of animated 
conversation. The lunch at the Athenaeum made a break in a day of 
meetings and was a very welcome rest to him. 



CHAPTER VI 


THE NOBEL LAUREATE 

Rutherford left McGill with regret and went to Manchester with high 
hopes, but he could scarcely have imagined how great and important 
an acceleration was to occur in his scientific achievements and pro- 
fessional career. He was glad to be nearer the centre of gravity of 
scientific thought and research. Thirty years ago, American and 
Canadian physics were far behind the standard they have reached today. 
Pubhcation of his papers would now be more prompt, and conferences 
with other savants more frequent. 

Arriving in England in June, Rutherford attended on i6 June a 
reception at the Cavendish Laboratory where he showed some experi- 
ments with radium emanation in the large Lecture Theatre. He took 
up his duties as Langworthy Professor at Manchester in October, and 
found that his predecessor, Prof, Arthur Schuster, had left his depart- 
ment in a high state of efficiency. The laboratory, which had been opened 
in 1900, was particularly well equipped with electrical apparatus and 
there was a Hquid air machine. The junior laboratory steward, Mr 
William Kay, was “young, energetic and exceptionally capable”, and 
above aU there was Schuster’s young assistant, Hans Geiger — who 
could have wished for a better? 

Rutherford settled with his wife and daughter in a comfortable house 
with a garden at 17 Wilmslow Road, Withington, nearly two miles 
firom the laboratory. 

Soon after his arrival at Manchester there was an interesting fracas at 
the first Faculty Meeting he attended. Just before he arrived. Chemistry 
had annexed certain rooms that had previously belonged to Physics. 
This action was condoned, though there was sympathy with the 
newcomer. When the time came for Rutherford to speak he brought 
down his fist on the desk with a resounding bang and exclaimed “By 
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Thunder!** He followed this up with a vigorous speech and finally 
pursued the Professor of Chemistry to his study protesting that he was 
a nightmare — “like the fag-end of a bad dream**. When in his more 
sober days the story was recalled to him, he was quite unrepentant and 
hailed it with delight. 

On 6 Sept. 1907, Hahn wrote his latest views to Rutherford: “As 
a matter of fact, I believe that the father of radium has just the same 
chemical qualities as ordinary thorium.*’ He gave his reasons from 
experience gained in dealing with old thorium preparations which 
contained radium. He wrote, “either (i) thorium disintegrates into 
radium; very unlikely (but Boltwood’s idea), or (2) the parent of 
radium is mixed with the thoriiim. The radium appears gradually 
with time. As radio-thorium follows the reaction of thorium, the father 
of radium has to follow the radio-thorium and I must find it after some 
time. . . . ** 

“All these discoveries of Sir WilHam Ramsay’s are still so bewildering 
to me that I do not know what to make of it. . . . *’ 

It will be seen that Hahn was in full cry for the parent of radium, 
but Boltwood was able to find it first. 

On the other hand, when Hahn discovered mesothorium, Boltwood 
at once accepted it and said “I was almost there myself**. Hahn 
suspected (13 June 1908) that there were two mesothoriums, and after- 
wards this view was found to be correct.^^he order of succession is 
therefore thorium, mesothorium i, mesothorium 2, radiothorium, 
thorium X, thorium emanation (thoron), thorium A, B, C, 

Rutherford*s letters to Hahn throw much light on the type of diffi- 
culties which were puzzling all the workers at radioactivity during this 
period. 

24. Sept, 1907. I was glad to get your letter the other day and to hear 
how your work was progressing. It is very satisfactory to have die 
mesothorium settled. You say it emits beta rays; I suppose of only very 
weak penetration like radium B. If not, Levin’s result of the abscocc of 
beta rays from thorium fteed firom Th X caimot be right, unless he 
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separated the mesothorium. Have you got your methods of separation 
on a commercial scale? 1 am hoping to see radiothorium and meso- 
thorium soon on the market. 

We are now comfortably settled in our house in a suburb of Man- 
chester. We have had very fine weather the past month, but I presume 
foggy weather will soon be with us to show the approach of winter, 
I have got my work going in the Laboratory and have continued my 
observations on my actinium solutions. All goes well and I hope to 
settle the question definitely before long. I don’t know that you would 
expect radiothorium to grow radium unless there are two methods of 
production of it; but there is no harm in trying. I shall have a good 
number of researchers to look after. H. W. Schmidt is coming, also 
Retzel from Leipzig, and Brill as soon as he finishes his work with 
Ramsay. I also have Geiger who was working here last year, one of 
your countrymen, and also a representative of Japan. In addition I 
have a contingent of local workers. I expect to be very busy as I 
have promised to give a number of addresses and lectures. I am in 
good form and my wife declares I am getting stouter — but slowly in 
any case. 

Is there any chance of your coming over to visit us? We should be 
delighted to have you stay with us if you come over. Let me know any 
time you could run over. It would be a good way of using up a 
vacation. 

I am writing up ‘production of radium’ paper. The results go well 
together. 

P.S. I have been reading your letter again. I think your idea that the 
parent of radium has the properties of thorium or radiothorium is very 
likely correct. In fact, I find its properties to go with radioactinium 
and Boltwood finds thorium precipitates it. I do not think thorium 
changes into radium. The small amount of radium in orangitc, etc., is 
against it. 

I quite agree with ^ou about the life of radium. I am sure Ramsay is a 
long way out. In fact, I believe his volume of emanation is miles too 
big. I have several reasons for thinking so. 

Many thanks for your congratulations on the honorary degree at 
Giessen. I thoroughly appreciated it. 

I don’t know what to think of Ramsay’s results; I must confess to 
being a little sceptical. 
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Boltwood’s energy and skill were at length rewarded by his discovery 
of the parent of radium — a great feather in his cap. He wrote to 
Rutherford on 23 September: 

You will have seen my letter in Nature about the ‘radium parent* before 
this reaches you. It is a thoroughbred radioactive element all right, 
with all the essential attachments. It gives out nice slow alpha-particles 

with a range of less than three centimetres I have sent off a second 

communication to Nature giving the above facts and proposing the 
name ‘Ionium* from ions, etc. It is a curious and interesting fact that 
ionium was the chief, if not the only, radioactive constituent of the 
radioactive substances that I separated from pitchblende in 1899, and 
which I have always supposed to be actinium ! 

Rutherford was not at all taken with the name ‘ionium* because 
certainly all radio-elements ionise gases. He playfully suggested PaRa, 
or paradium, but Hahn pointed out that this smacked of goosestep. 

Boltwood wrote in reply to this criticism: 

I am interested in the communications by Campbell and yourself re 
‘ionium* which have appeared in the columns of Nature. I cannot help 
recalling the conversation of the White Knight with Alice in the last 
part of Through the Looking’-glass which refers to a song which he is 
going to sing her. In this case, the name is ‘ionium*, the thing is called 
‘paradium*, and the name of the thing is called ‘uranium A* ! If later 
we can succeed in getting the lady (Hahn calls it ‘die Muttersubstan2*, 
so it must be a she) respectably tied up to Uranium, then I will not 
have the least objection to her changing her name. But for the present 
my motto is ‘fest sitzen*. 

Rutherford was always anxious to co-operate with chemists and 
mathematicians with a view to further insight into physics. . He sent 
an invitation to jBoltwood, really a physical chemist of high abihty/ 
to work with him for a year at Manchester; to which Boltwood 
rephed ; 

30 Oct. 1907, Your suggestion about my going over to Manchester to 
work is certainly an attractive one. I know of nothing that appeals to 
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me more strongly just at present. What I would like above everything 
else is to be with someone who is energetic and enthusiastic, for now 
I sometimes feel doubts as to whether it is really worth while working 
nights and Sundays. One does get so lonesome all by oneself at such 
times. But it really isn’t feasible for me to think of going over at present. 


RUTHERFORD TO BOLTWOOD 

20 Oct, 1907. This is a pretty active place and, but for its climate, has a 
number of advantages — a good set of colleagues, a hospitable and kindly 

people and no side anywhere I find the students here regard a fuU 

professor as little short of Lord God Almighty. It is quite refreshing 
after the critical attitude of Canadian students. It is always a good thing 
to feel you are appreciated. 

In 1907 Rutherford published his third book called Radio-active 
Transformations^ which was the official publication of his SiUiman Lectures 
given at Yale University. There was indeed litde in this book which 
had not already been given in the second edition of Radio-activity. 
A German translation was made by Max Levin, who had been a research 
student with Rutherford at McGill University, and the book was most 
favourably received in Germany. 


RUTHERFORD TO HIS MOTHER 

29 Oct. 1907. I have now been lecturing a month and getting things 
into shape. I am naturally very busy and as newcomers we shall 
probably have to do a good deal of dining out. I go to two big dinners 
this week, one to Mr Donner — a wealthy merchant here — and one to 
Professor Schuster, my predecessor who, unlike most professors, is a 
wealthy man. Everyone is very kind and I am enjoying my life 
thoroughly. I have a good many outside lectures in hand and give one 
today at the Manchester Literary and Philosophical Society. I am 
lecturing later in Lbndon at the Royal Institution, at Dublin and 
Liverpool, and so will be kept busy. I am giving a special scries of 
lectures on ‘radioactivity’, which are well attended, 

Rutherford began his work at Manchester with a great shortage of 
radioactive material of aU sorts. He had hardly settled in the laboratory 
before he approached the Vienna Academy for a loan of radium. 
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RUTHERFORD TO BXNER 

5 Oct, 1907. I desire to make a formal application to the Kaiserlichc 
Akademie der Wissenschaften of Vienna for the loan of some of the 
radium preparations in their charge. For the experiments I have in 
view, I shall require an amount of radium preparation corresponding to 
about half a gram of pure radium. For my purposes, I do not require 
pure radium bromide but preparations of about 25 per cent purity 
would suffice. 

If the Akademie is willing to loan me the material, I should at once 
conunence a series of experiments to investigate in particular: 

(1) Physical and chemical properties of the emanation. 

(2) Ionization of gases exposed to very intense radiation. 

(3) Final product of transformation of radium. 

I may mention that the University at Manchester possesses at present 
less than 20 miUigrams of pure radium bromide. 

I shall be glad to know as early as possible whether the Akademie will 
be able to grant my request. 

An arrangement was made that Ramsay at University College, 
London, and Rutherford at Manchester should take equal shares of 
the 350 mg. of radium bromide lent by the Vienna Academy. 
Naturally, difficulties arose, and a lively correspondence followed. 

RUTHERFORD TO RAMSAY 

II Nov, 1907. I wrote to you a fortnight ago about your views in the 
arrangement between ourselves for the use of the radium from the 
Austrian Academy, but I have not received a reply. 

Today, I received the official communication from the Academy 
notifying me that Dr Brill is taking over to you the 350 mg. of radium 
bromide and that it is loaned for our common use. 

I shdl be glad to know when Brill is expected to arrive and also to 
consider some arrangement for use of the material. I presume chat the 
Academy will expect to know the general arrangement between us, 
mote especially as the results of the experiments are to be communicated 
through the Academy. 

I do not know whether you are aware of my state of poverty in 
regard to radium. Hie maximum quantity available for experiment is 
7 milligrams: I am unable to do any experiment that involves the use 
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of even 30 milligrams and am consequently hampered all round. I have 
a number of physical experiments I wish to carry out as soon as I get 
a workable quantity. I presume you will continue along the lines of 
your last communication to the British Association. I shall naturally 
leave that direction free to you at any rate for some time. I shall be 
very pleased to consider any proposition that is mutually convenient. 


RAMSAY TO RUTHERFORD 

1 1 Nov. 1907. I have delayed answering yours of the 29th Oct., till I was 
sure of getting the radium bromide. It has now arrived. 

Instead of your suggestion, I have another to make, or rather two 
alternative suggestions. It would be an infinite pity to divide the 
radium. It is so infinitely more valuable as a whole. So please agree to 
my retaining it for some time. I will measure the emanation volume, 
try its action on salts, get its spectrum (and all the machinery for this is 
nearly ready) and after a year, or a year and a half, hand it over to you. 
My second suggestion docs not really interfere with the first. It is that 
I can occasionally send you four days growth of the emanation, sealed 
in a tube along with H, & O, from which you can extract it without 
loss. After all, it is the emanation and its product that you want, and 
if you leave the stuff in my hands, it will be not merely the emanation 
from the 0*388 gram of impure bromide, which I have received, but 
from 100, and later 150 mgms. additional; i.e. 0*488 and later 0*538 
gram. Brill is at the atomic weight of my purest 50 mgms., which he 
has recrystalliscd; when he has finished, I shall dissolve it and place it in 
a bulb, and shall then again have 150 mgms., of my own, besides that 
of the Austrian Academy. I think you might leave any experiments 
for which you want soUd radium bromide to the last. They arc deter- 
mining the heat evolution in Vienna with a much larger quantity; and 
I don’t see how the soHd can otherwise be used. It would be better to 
run no risk of wasting it dll all experiments on emanadon which suggest 
themselves have been made — or at least a fair number. 

Have no hesitation in demanding from me frequent assignments of 
the emanation plus mixed gases. It will give me very Httlc trouble. 
I draw every four days, and if inconvenient I will tell you frankly. 
You shall have it only 18 hours old; i.c. if I post it at 5 p.m. it will be in 
your hands at 9 a.m. next morning. 

Let me hear what you think. 
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RUTHERFORD TO RAMSAY 

13 Nop, 1907. I received your letter this morning; my letter of enquiry 
must have crossed yours. 

I must frankly state that I am somewhat disappointed over the radium 
affair. I was given to understand some months ago that I was to be 
loaned a considerable quantity of radium by the Austrian Academy; then 
the wish to please two people leads to a joint distribution; and now I 
find you wish to have practically the whole use of the loaned sample for 
a considerable time. 

I had made preparations for work in several directions which must 
of necessity be postponed until I get a supply of radium at my own 
hand. In this connection also, I recognise very clearly that there is no 
time like the present. 

However, I am desirous of meeting your wishes as far as I can, for 
I quite recognise the importance of not dividing the specimen. My 
initial proposition appeared to me reasonable since by an occasional 
interchange of the emanation from a half quantity, each of us would be 
able to get the advantage of the whole. 

You suggest that you would like the use of the 350 mgrs. radium 
bromide for a year or so. I think it very desirable in the interests of 
both of us to have a very definite agreement on this point. I am willing 
to forego my claim on the radium in the meantime if you would 
agree to hand over the whole preparation to me not later than Jan. ist, 
1909. This would allow you time to carry out a good many of the 
experiments you have in view, with a large quantity of radium. The 
date of handing over must not depend on whether any particular work 
is finished, or not, for I recognise that there will be plenty of work to 
do on this subject for a decade or more. 

As you propose, I should also like to have an occasional ‘draw* of 
the emanation from your stock. To be definite, I would suggest that 
I do not ask for more, on the average, than eight days collection of 
emanation per month. I would be willing to reciprocate when my turn 
comes. I told you I am practically destitute of radium and this arrange- 
ment would help me in several directions. Naturally, however, I could 
not hope to do much serious work under such conditions. 

Before you dissolve the preparation, I think it would be very desirable 
to set aside about 2 mgrs. of the solid preparation for gamma ray tests. 
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I would like to compare this standard sometime later to see how they 
agree. 

RAMSAY TO RUTHERFORD 

15 Nou, 1907. I am glad you are frank; it makes things so much easier. 

I don’t think you realise that you will be getting emanation from the 
Vienna quantity and from 150 mgrs. of my own. It will be much easier 
to get the pure emanation from my arrangement, pure except for H, 
and Oj. I don’t think there will be any difficulty in giving you as 
much emanation as you want. I should draw every four days. That 
gives the maximum yield. So you might get practically two lots a 
week, for a week or two, with an interval of a week, and so on. 

I would rather not promise January, 1909, because I might be tempted 
to break my word; but I will take the date as provisional, and try to 
meet your wishes. Let me be as frank as you. I am used to handling 
this stuff in quantity; I have learned by long experience; and I am 
a little afraid that you or your assistants would find it difficult to get 
the apparatus as perfect and as workable as I. I always draw, myself, 
personally 

19 Nov. 1907. I propose to collect the gas given off by the radium 
bromide on addition of water; then to analyse it, and get the spectrum 
of the inactive gases and see if neon and argon are present. I may have 
a shot, too, at the spectrum of the emanation. 

This involves the construction of a good deal of apparatus, and I much 
doubt if I shall be ready on the 25th; but I will try. 

As for the emanation: I shall send it to you mixed with Kuall-gas 
— ^what it itself produces — ^in a little tube, locked in a small wooden box. 
When you receive such a tube, would you use it as soon as possible, and 
post it back. I shall have two made, so that we can have both on the run. 

I want to do this first gas, obtained from radium bromide and water, 
well; so I don’t want to risk an accident, or to hurry too much. After 
the radium bromide is scaled in position, there will be no trouble to 
draw off what is wanted. It will not take ten minutes. But before that, 
I can’t promise anything. 

As for sending a messenger to the train, that will be easy. It will 
reach you in four hours, and you can meet it at Manchester. I will 
always tell you the time it has taken to collect emanation so that you 
may know its actual value pretty accurately. 
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17 Fek 1908. Brill told me of your present, and I congratulate you on it. 
If I were you I should dissolve it in acid — ^HCl for choice — and transfer 
it to a bulb of say 50 ccs. capacity. You have only 3*75 grms. of solid, 
and that would be ample to contain it. Seal it to a pump like mine; if 
you want any particulan, only write and I shall be delighted to give 
you all I know. 

All the same if you want any specially large amount of emanation, 
just let me know, and we shall send a ‘draw’ as before. We can easily 
spare it, from time to time, for we have difficulty in keeping pace with 
its production. At present we have a bulb with silver nitrate waiting to 
be fed. 

The last of these letters refers to a gift of 300 mg. of radium (as a 
chloride) from the Vienna Academy on i Jan. 1908, so that Rutherford 
was no longer dependent on Ramsay for suppHes. Rutherford and 
Royds arranged apparatus so that radium emanation, freed from gases, 
could be condensed in a jfine tube which could be sealed and used in 
place of radium. Sometimes a charged platinum wire was placed in 
the emanation so as to attract the active deposit. The demand for such 
sources was frequent by all the research workers in the laboratory. 
Through the President of the Royal Society, he also received from 
Paris the residues from pitchblende after the radium was extracted. 
These were rich in actinium, radio-lead and polonium. Radioactively 
he was now a rich man and could get on with his work. He did. 

Prof. Stefan Meyer of the Radium Institute, Vienna, has explained 
the situation thus: 

As to the radium preparation which Ramsay had in hand for several yean 
from our Academy of Sciences it was not the same as the one Rutherford 
got in January 1908. The first loan of about 300 mg. RaBr^ (equivalent 
to about 175 mg. Ra) was given to Ramsay who had to participate with 
Rutherford in the use of it. But there was always friction between the 
two and Rutherford could not work in this way as unrestrainedly and 
profitably in his own way as he, and with him the whole scientific 
world, would have liked. So the Vienna Academy resolved to give 
him a preparation for his exclusive use and decided the loan of 300 mg. 
radium mentioned in several letters. 
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Rutherford not only had the necessary material but he had an 
enthusiastic chemist to help him. Thus he wrote to his mother: 

20 Nov, 1907. You will have received the newspaper about the Birming- 
ham celebration, where I received another to my list of degrees. 
Boltwood, of Yale University — ^you remember, an old friend of mine — 
is a great addition to the laboratory, and I am very glad to have him 
here for a year. I have a very good lot of researchers here, including 
Florance from Christchurch, Boyle from McGill, Gray from Melbourne, 
and three from America, not to mention Germans, Russians and English. 
What with looking after them and my own work. I am kept pretty 
busy. 

The first great success at Manchester was the counting, one by one, 
of the alpha particles projected from a stated amount of radium. These 
particles were counted as a boy counts his marbles, or as a policeman 
numbers people going through a door. 

The answer obtained was that a gramme of radium every second 
ejects 34 thousand million alpha particles, which become helium atoms 
after they have lost their electrical charges, or rather, picked up two 
electrons. 

Rutherford when at McGill tried to count such particles by passing 
them through a small hole bored in a swinging pendulum into a testing 
chamber of small volume and low electrical capacity. He found that 
the resulting ionisation was just too small to be detected. When 
therefore Rutherford wrote from Manchester to me that he had suc- 
ceeded in detecting single alpha particles, it was a great and unsolved 
puzzle to guess the means that he had employed. Yet the method was 
simple in conception, although there were the usual experimental 
difficulties to be overcome. 

Briefly the plan adopted by Rutherford and Geiger was to admit 
alpha particles through a small hole covered with a very thin sheet of 
mica into a cylinder, partially exhausted of air, down the axis of which 
was a wire at such a high voltage that it was almost sparking to the 
cylinder. The alpha particle on entry made some ions in its path, and 
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each of these ions made a vast number more by colliding with mole- 
cules; these new ions did the same! This principle of ionisation by 
collision was a great discovery due to J. S. Townsend at the Cavendish, 
at the time when he and Rutherford were working as research students. 

The ions formed an electrical current which caused the central wire 
to lose rapidly much of its charge, as shown by the electrometer to 
which it was attached. It was quickly recharged by a battery passing 
a current to it through a high resistance; so the trap was set all ready 
for the next arrival of an alpha particle. It was possible to sit in a 
comfortable chair and see a spot of Hght on a screen move a few inches 
every time an alpha particle entered. Sometimes two would enter 
almost together and then the jump would be nearly doubled in length. 
The equivalent amount of radium was known and the distance from 
the source down a long evacuated tube to the ‘trap* was measured, 
so that the ensuing calculations were of an elementary character and 
the result was not open to doubt, provided the radium standard of 
comparison was correct. 

[The detection of a single atom was a great landmark in the progress 
of physics. This experiment put the famous atomic theory on a sure 
footing and the theory has received further remarkable support in 
many different ways since Rutherford’s first step. It is to be noted that 
the same man who showed that atoms disintegrated also placed the 
atomic theory on a firm foundation^ 

Rutherford described his triumphant experiment in this letter to 
Hahn: 

27 Jan, 1908. I was interested to hear of your new product which I have 
no doubt is all right. This makes mesothorium the exact analogue of 
actinium. You appear to have a private hunting ground in thorium 
and I can quite understand your difficulty of names. I think it would 
be a pity to concoct a new name for the new product. Your sugges^on 
Th„ Tha, Thj seems without objection, especially as you can give the 
other names as alternatives. 

I am sorry that I have not forwarded the two copies of my paper you 
asked for but shall do so today. I forget whether I told you that we 
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have detected a single alpha particle by an electric method. I find that 
the number expelled from radium is of the same order as the calculated 
number, but it will take some time to fix it with accuracy. 

I am working with Dr Geiger — one of your countrymen who was 
here last year. He is a very excellent experimenter and is a great 
assistance to me. The method is to fire an alpha particle into a small 
hole covered writh thin mica into a cylinder about 60 cm. long where 
the air pressure is about 30 cm. There is a thin central -wire and a voltage 
is applied of about 1000 until a discharge almost passes. Under such 
conditions, the ionization produced in the gas by the alpha particle is 
magnified 2000 times by collision. The effect of each alpha particle is 
marked enough to show an audience. I am lecturing at the Royal 
Institution on Friday next on ‘Recent Researches in Radioactivity* and, 
if I can get a battery, I may try and show the experiment. You wall 
appreciate the importance of counting the alpha particles. I can obtain 
the charge on each and hope to settle whether the alpha particle carries 
two charges or not. 


In 1908, six months after his arrival at Manchester University, there 
came an unexpected windfall to Rutherford. The Turin Academy of 
Sciences awarded to him the Bressa Prize. This was an impressive 
testimony from an outside body of scientific men to the importance 
of Rutherford’s discovery of the “mutabiUty of matter and of the 
evolution of the atom”. 


RUTHERFORD TO HIS MOTHER 

II March 1908. I received a very agreeable surprise yesterday when a 
telegram came from Turin announcing that I had been awarded the 
Bressa prize by the Academy of Science of Turin, The award was 
notified in the morning papers, with the addition that the prize is worth 
5(^384. When the telegram came I did not even know there was such 
a prize, so after hunting up the particulars, I was very pleasantly 
surprised. I gather that this prize is awarded every two or three years 
to die man who, in the opinion of the society, has done the best work or 
published the best book during the preceding period. It is awarded to 
all branches of experimental science, including in addition archaeology, 
history and statistics. 
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Tite Manchester Guardian (21 March iS)o8), in making an announce- 
ment of this award, added a story illustrative of Rutherford’s industry. 
The Janitor was asked what were the Professor’s hours of work. He 
replied: You can never tell when he’ll leave his lab. and go home.” 

Another notable contribution of this annus mirahilis was the careful 
measurement of the electrical charge carried by a single alpha particle. 
Rutherford had already made a rough measurement of this quantity 
at McGiU, but now that he knew well the number of alpha particles 
projected from a given quantity of radium in a stated time, it was 
possible to direct the particles into a testing chamber and measure the 
total amount of electricity that they carried. Simple division gave the 
amount carried by one such alpha particle. The result again conhrmed 
the view that hchum was doubly charged, or, as the chemist might say, 
it was He++, or, as the physicist might add, it was a helium atom 
stripped of two electrons. The value he found for the unit of electrical 
charge was a great surprise, for it raised the significant figures of measure- 
ment from the old established value of 3*4 up to 4*65, an increase of 
36 per cent. When I protested to Rutherford that this result must be 
wrong, he pointed out that eight years previously Planck had obtained 
^ similar figure to his own. Indeed, that marvellous man Planck had 
studied the results of radiation distribution from hot bodies; decided 
that the energy must pass from an atom in quanta or bundles; that 
each bundle must have energy proportionate to its frequency; measured 
the constant now called Planck’s constant h; setded that ‘action’ was 
atomic; laid the foundation of the Quantum Theory (which can never 
leave physics, for it is fundamental in Nature) ; and, as a by-product, 
obtained an excellent value, for that time, of the electronic charge! 

Planck is a giant who has gready modified man’s oudook, or insight, 
and in a manner which is not artificial, but inevitable; for the basic &cts 
are inherent in Nature, however much the interpretation may be the 
product of a man’s mind. Indeed the man of science is driven to his 
conclusions by his experimental facts— he does not concoct 
suit a fanciful imagination. 
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l^othcr interesting discovery had already been made. When alpha 
particles strike a thin layer of zinc sulphide, spread on a piece of glass, 
small bright specks of light appear which may be seen well when 
examined with a magnifying glass in a dark room. There was a little 
instrument first made by Sir William Crookes to show this, which 
gloried in the ungainly name of spinthariscope. Rutherford and Geiger, 
using a microscope, counted such specks on a given area at a measured 
distance in a known time. They proved that each hght speck was due 
to an individual alpha particle. The atomic theory was again upheld, 
and a method of counting alpha particles was established, so that for 
a long time many physicists spent weary but exciting hours trying their 
eyes in counting single particles. Happily this trouble is now removed 
in modem counting by the use of Rutherford and Geiger counters and 
suitable electric valves or thyratronsj 
About this time it began to be clear that the actinium family was an 
offshoot of uranium, but Boltwood wrote to Rutherford on ii October: 

1 hate that notion of an illegitimate branch of the uranium family like 
the very devil. ... As a matter of fact I am getting a Uttle down in the 
mouth on the radioactivity matter for I am afraid that the time is rapidly 
passing when one can hope to accomplish very much with homeopathic 
doses. I see that someone has given a lot of money for a Radioactive 
Institute at Vienna and I am afraid that the wholesale business will drive 
the small dealer like me to the wall 

J. Joly of Dublin University was working at the amount of thorium 
in ordinary sedimentary rocks and tinding it about equal to that of 
uranium. He was especially anxious that Rutherford should find out 
the period to half-value of thorium, for obviously this is a factor in the 
heat produced within the earth by radioactive matter. 

In particular, Joly was making a radioactive survey of die St Gothard 
Tunnel and it seemed as if places of high temperature in the tunnel 
coincided with regions where radioactive contents were high. 

Jb Rutherford’s laboratory there were experiments in progress by 
who was firing alpha particles dirough thin metal foils on the 
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fluorescent screen and seeing how much the particles swerved aside 
from the straight line motion. This was the beginning of a great matter 
which came to a head two years later. 

Sir James Dewar of the Royal Institution {Proc. Roy, Soc., A, 1908, 
81, p. 285) wrote on the rate of production of helium from radium: 

Professor Rutherford in his work entided Radioactive Transformations, 
1906, p. 186 on the theoretical assumption that the alpha particle is an 
atom of helium carrying twice the ionic charge, deduced from electrical 
measurements that the number of particles expelled per year per gramme 
of radium would reach 4X 10*® and as i c.c. of a gas at standard tem- 
perature and pressure contains 3*6 x 10*’ molecules the volume of helium 
produced per year would amount to 0*1 1 c.c., which is equivalent to 
about 0*3 of a cubic millimetre per day. Considering I have foimd a 
rate of helium products of the order of 0*37 cubic mm., the agreement 
between the experiment and the theoretical prophecy of Rutherford is 
almost too wonderful, substantiating as it does the accuracy of the theory 
of radioactive changes he has done so much to inidate and develop. 

No doubt the agreement was better than the experiments justified, 
but Rutherford had an uncanny way of approximating to the correct 
value even before more exact experiments could possibly be carried out. 

LARMOR TO RUTHERFORD 

22 July 1908. I have been fascinated into reading up your white magic, 
which I hope is going to press tomorrow to appear in the next number 
of the Proceedings of the Royal Society. 

I understand that radium and its products are in equihbrium when 
each of the latter is destroyed as fast as it is produced — and that each of 
them gives out the same number of alpha particles. In deducing their 
atomic weights you assume that they give out nothing material in 
addition to the alpha particles. I suppose the experimental proof you 
refer to is that the radium in cquHibrium is four times as active as 
radium freed fi:om its products. You find the heat is substantially the 
energy of the alpha particles stopped. The recoil velocity of the molecules 
counts in any case for practically no energy, only 1/2500 of the whole. 

I suppose you say that this energy of its internal shake up goes away in 
gamma radiation. ... 
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The vaded activities of the year 1908 are brought out in two letters 
to Hahn: 

24 Feb. 1908. It was very good of you to tell me of Regener’s paper. 
I read the first one of his on the probability estimate of the number of 
alpha particles. The general idea was not new to me as Geiger — one of 
my men — ^had finished a paper on the determination of the experimental 
error in comparison with the calculated one. 

I am rather surprised that the method of counting scintillations gives 
somewhere about the right result. I should have anticipated that the 
chances were that the number of scintillations would be smaller than the 
number of alpha particles. It will be interesting to see how closely 
Regener can determine the number. 

Our counting experiments are going all right and I hope in a few 
days to be able to say pretty definitely how the theoretical and experi- 
mental numbers agree. The method is going fine. 

By using a sensitive electrometer I could easily make an alpha particle 
swing the spot of tight off the scale. An account of my Royal Institution 
lecture will probably appear in this week’s Nature. A reference to my 
counting experiments will be found there. I am enclosing here an 
abstract of my paper before the Manchester Literary and Philosophical 
Society. Regener would probably be interested to sec it. 

14 July 1908. I am afraid there is no hope of getting over to Germany 
this year unless I manage to get away to the association at Kohi where 
I have been invited by Professor Kayser. I shall do so if I can manage it. 

I have a lot of university business on hand which will keep me here to 
the end of the month. I hope to see you soon but I must delay that. 

Really you have a remarkably keen nose for unconsidered products. 
Congratidations on your latest additions. There is fortunately no diffi- 
culty about names. I am interested to see it makes the agreement of the 
changes of actinium with thorium still more complete. 

til Nature which you mentioned I gave a statement of my volume 
results but abo the main lines of the emanation spearum. We have 
done it up in good style I think and will publish in full soon. Ramsay 
is doing his best to claim priority, etc. His work makes me feel tired — 
to use an Americanism. 

I am now quite an expert in gas purification and in spectroscopy. It is 
ail very interesting and amusing. My two main papers with Geiger, of 
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great solidity and I think of the first magnitude, should appear in a 
month or so. I go to Dublin to the British Association this year. 

RUTHERFORD TO BUMSTEAD 

II July 1908. I have now got through the stress of my first year and 
have got fat on it, at least my wife says so. At the same time I have never 
worked so hard in my life and have got off four papers to the Phil. Mag. 
(August) on the volume and spectrum of the radium emanation and 
two to the Royal Society on the counting of alpha particles and the 
measurement of the electric charge carried by each. First as to the 
counting experiments. Geiger is a good man and worked like a slave. 
I could never have found time for the drudgery before we got things 
going in good style. Finally all went well, but the scattering is the devil. 
Our tube worked like a charm and we could easily get a throw of 
50 mm. for each particle. 

He then proudly gives his results: 

Charge per alpha particle 
Number of alpha particles 

Heating effect 

Volume of cmanation/gm. radium 
Life of radium (half-period) 

Production of heUum 

He continued: 

I am sorry to reduce the life of radium for Boltwood’s sake, but his 
result must be a maximum estimate — Geiger is a demon at the work 
of counting scintillations and could count at intervals for a whole night 
without disturbing his equanimity. I damned vigorously and retired 
after two minutes. 

This referred to the verification that each alpha particle gives one 
sparkle on a fluorescent screen. The letter went on: 

I had a laugh at Crookes when I gave my paper at the Royal Society. 
He hadn't the faintest notion of how the things were done, but remarked 
“What a pity it was that so few people had the quantity of radium 
required to repeat the experiment". I rose up and gave the kind of 
remark which I generally let loose on Ramsay when I want to disagree 


4*65x 10”*® e.s.u. 
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with him without saying so. I said with an infantile smile that any one 
with a hundredth part of a milligramme of radium could repeat it, if 
he felt inclined that way, but that his work was cut out for him. General 
grin of enjoyment 


Rutherford had so greatly improved his methods of purification of 
the emanation of radium that he was not only able to obtain a good 
measurement of its volume (in equilibrium with a gramme of radium) 
but he also succeeded in getting a good spectrum of this gas, free from 
impurities, and he used to recount with some glee how he had really 
beaten the chemists at their own game. 

RUTHERFORD TO HIS MOTHER 

July 1908. On September 2 I shall go over to Dublin to the British 
Association. Trinity College, Dublin, is giving me an honorary degree 
on that occasion. I have plenty of these insignia but they arc gratifying 
to the extent that they are meant to be an appreciation of one’s scientific 
work. I may possibly go later to Cologne for a week to attend the 
German Association meeting, to which I have been invited. I have 
published a good deal of work this year and this has kept me very busy, 
with the whole additional work of running a large department. I found 
my eyes were troubling me a little, so I may have occasionally to wear 
glasses when I have a good deal of reading to do. Otherwise my eyesight 
is as good as ever. Mr and Mrs W. H. Skinner, of New Zealand, had 
lunch with us the other day. 

12 Sept. 1908. Since writing last time I have been over to Dublin to 
attend the meeting of the British Association. I stayed in a country 
house of a Mr Darley, about seven miles from Dublin, and we motored 
in every morning. I was given the honorary D.Sc. at Dublin. There 
were twelve of us with red gowns with green facings and the public 
orator reeled off our virtues in Latin. I am afraid that I have not yet 
arrived at the stage of taking these things seriously. On my way back 
I foregathered with Professor Coker, formerly of Montreal. There were 
a number of garden parties, dinners and evening parties which I attended. 
The Provost of Trinity, Dr Traill, invited me to dinner with a number 
of notables. I sat alongside Sir James Murray, the lexicographer. He is 
a pretty old man and a very joUy one, and we got along fiimously. He 
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informed me the Rutherford family is closely connected with his and 
inquired of my antecedents. By the way, I had an inquiry some time 
ago from a man — a Rutherford— -who wished to know the names of 
father's Scotch antecedents. He informed me that Rutherford meant 
‘Cattlcford*. The Ruther is the same as in Rotherhithe and other names. 
The * Bosphorus* is exaedy the same meaning. 

I am sending by this mail a copy of the diploma of honorary doctor 
of philosophy (Ph.D.), just awarded me by the University of Giessen, 
Germany, on the occasion of their tercentenary. This is my fourth 
honorary degree, and the fint one from Europe. A free translation of the 
diploma is as follows : “ Under the command of his most serene highness 
Ernest Ludwig of Hesse and the Rhine and the most noble Rector of 

the Ludwig’s University, we, the philosophical faculty of the etc 

University, have awarded on the occasion of the three hundredth 
anniversary of our University, Ernest Rutherford, Professor of Physics, 
University of Manchester, for his exemplary investigation and his 
masterly presentation of radioactive phenomena, for his bold pronounce- 
ment and consequent working out of the theory of atomic disintegration, 
the Honorary Degree of Doctor of Philosophy, and have announced the 
conclusion through our Dean, Professor Walter Konig, at today’s cele- 
bration. For evidence of which this diploma is forwarded with the great 
seal of the University attached and signed by the Rector and Dean.” 

There were always heavy demands on Rutherford’s time for public 
lectures, and he usually kept, in a state of readiness, diagrams, slides 
and a few experiments, illustrating his latest discoveries. Thus, in the 
year 1908, he lectured on 12 Feb. to the Royal Dublin Society about 
‘Radioactive Transformation’; on 5 March to the Liverpool University 
Chemical Society. In March he also gave a Friday evening lecture at 
the Royal Institution, where he summarised his discoveries in a manner 
which was particularly clear and helpful. On 16 June, the new addition 
to the Cavendish Laboratory was opened by Lord Rayleigh, this being 
his first appearance m Cambridge since his appointment as Chancellor 
of the University. There was a reception by Lady Thomson, various 
experiments were shown, and Rutherford gave a lecture and demonstra- 
tion on radium emanation in the large Lecture Theatre. 
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Since die Nobel Prizes had been instituted, the successive laureates 
in Physics had been: Rontgen, Lorentz, Becquerel, Rayleigh, Lenard, 
J. J, Thomson, and Michelson. Perhaps it was not a great surprise when 
Rutherford received a telegram and a most welcome letter announcing 
that he was to receive a Nobel Prize; but he must have been amused 
and delighted to realise that it was to be awarded for Chemistry. 


RUTHERFORD TO HAHN 

29 Nov, 1908. I much appreciate your kind congratulations and wishes 
on the award. It is of course quite unofficial but between ourselves 
I have no reason to doubt of its correemess. I must confess it was very 
unexpeaed and I am very startled at my metamorphosis into a chemist. 

I may tell you in strict confidence that my wife and I are going to 
Stockholm via Hamburg and Copenhagen to arrive there on the loth. 
We shall probably return via Berlin for the express purpose of seeing 
you. Do not say anything about this till after the proper date. 
I think it possible we may arrive on the night of the 13 th or 14th but 
will let you know later. It would be convenient for me to get my letters 
forwarded to Berlin. Could they be addressed to you at your private 
address ? If so, let me know as soon as you can the exact address. I should 
be glad if you would take charge of them before I arrive. We should of 
course also be glad if you could mention a comfortable hotel handy for 
looking round Berlin. 

Rutherford arrived at Stockholm with his wife on 10 Dec. 1908, 
and dined that evening with Prof, and Fru Retzius. On the following 
day the medals were presented by the King of Sweden at the Musical 
Academy. Each prizeman — ^Lippmann, Rutherford, EhrHch and Metch- 
nikoff— was presented to the King with a suitable address. That same 
evening there was a banquet at the Palace attended by the Crown 
Prince and Princess. Rutherford was said by an eye-witness to have 
looked ridiculously yoimg and to have made the speech of the 
evening.^ He declared that he had dealt with many different trans- 
formations with various periods of time, but that the quickest he had 
met was his own transformation in one moment ffom a physicist to 
a chemist^ 
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On the afternoon of 12 December, Rutherford gave his Nobel Lecture 
on “The Chemical Nature of the Alpha-particles from Radioactive Sub- 
stances”. He clearly took great pains to explain the chain of reasoning 
which led to the inevitable conclusion that 

the alpha particle is a projected atom of helium, which has two unit 

charges of positive electricity The alpha particle is released at a high 

speed as a result of an intense atomic explosion and plunges through the 
molecules of matter in its path. Such conditions are exceptionally 
favourable to the release of loosely attached electrons from the atomic 
system. If the alpha particle can lose two electrons in this way the 
double positive charge is explained. 

In order to clinch diis matter, Rutherford and Royds had carried out 
an experiment which made a great appeal to the public (scientific and 
lay), and he described this in his Nobel Lecture: 

A cylinder of glass was made with walls so thin that alpha particles 
could shoot right through them, and yet the walls remained quite gas 
tight. Radium emanation was introduced into this cylinder and the 
alpha rays were collected in an outside tube, and compressed in another 
fine tube through which a spark was passed. After a time the spectrum 
of helium appeared, proving that the alpha particles were, or became 
helium ! 

This work was done in 1908, and the results published in the PhiL 
Mag. (17, p. 281) in 1909. 

The recipients of the Nobel medals were entertained at a banquet 
by the King and Queen of Sweden, and the mathematician Professor 
Mittag-Leffler and his wife also gave the prizemen a large dinner party 
at their country house. 

RUTHERFORD TO HIS MOTHER 

24 Dec, 1908. I am sure that you have all been very excited to hear that 
the Nobel Prize in Chemistry has fallen my way. It is very acceptable 
both as regards honour and cash — ^the latter over £7000. [It was ^68oo.] 
We have just returned fiom our journey to Stockholm, where we had 
a great dme— in fact, the time of our fives. 
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Rutherford took the opportunity of visiting the unique low-tempera- 
ture laboratory of Kammerlingh Onnes at Leyden. At Berlin, Dr Otto 
Hahn and his wife entertained and guided the Rutherfords. So this 
wonderful expedition passed off admirably and Rutherford looked 
for new fields to conquer. He had not long to wait. 

RUTHERFORD TO HAHN 

22 Dec. 1908. We arrived in Amsterdam about 8.30 Saturday morning 
and went on at 12.30 to Leyden where we spent till 9 o’clock in the 
evening with Professor Lorentz, looking round the old town and 
laboratories. I saw the apparatus of Kammerlingh Onnes for production 
of liquid helium, but the latter was not well enough to see people. We 
had a great passage to Harwich and arrived home Sunday at 4.30 after 
a long slow journey in Sunday trains over England. We arrived tired 
but satisfied we had had a first class time. I am now hard at work trying 
to get through my correspondence which rather alarms me by its 
dimensions. 

My wife and I are very grateful to you for the way you looked after 
us in Berlin. You worked nobly to give us a good time which we 
certainly had. I am enclosing a P.O.O. for 100 marks in payment of my 
just debts. I really did not want it but it was just as well to have a 
reserve. Many thanks for your kindness in that particular. 

We found Eileen just arriving at the house as we came in. Our 
boxes arrived safely and there is great excitement over Xmas presents. 
By the way, I thought I had the idea of the removal of atoms by recoil 
in my Radioactivity somewhere — see page 392 2nd Edition. It is given 
in explanation of the volatility of radium B observed by Miss Brooks. 
Send me a copy of your paper as soon as it is out. 

With best wishes for a merry Xmas and happy New Year from my 
wife and myself. Hoch ! Hoch ! 

At the dinner in 'Whitworth Hall given in Rutherford’s honour 
by Manchester University on lo Feb. 1909, J. J. Thomson paid a 
great tribute to the new Nobel Laureate: 

Professor Rutherford has never received the credit that he should have 
had for his work at Cambridge in connection with radiotelegraphy in 
1895. His success was so great that I have since felt some misgivings 
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that I persuaded him to devote himself to that new department of 
physics that was opened by the discovery of Rontgen rays. The study 
of radioactivity is almost a consequence of the discovery of the Rontgen 

rays The discovery at McGill of the emanation of thorium was a 

stroke of genius, because the new gas had to be endowed with properties 
not recognised as belonging to any such known substance, as it is a gas 
which exists for a few minutes only; half of whatever there is of it 
always disappean in less than a minute ! 

i^Of all the services that can be rendered to science the introduction of 
new ideas is the very greatest. A new idea serves not only to make many 

people interested, but it starts a great number of new investigations 

There is nobody who has tested his ideas with more rigour than has 
Professor Rutherford. There can be no man who more nearly fulfils the 
design of the founder of the Nobel Prize than he does’J 

In his reply Rutherford said that 

there was nothing more interesting than to watch the progress of science. 
Its progress was exceedingly gradual. It was like the progress of man 
going through a swamp, with islands of firm earth in between. The 
advances would be very slow from week to week, but at the end of a 
year it was great, and at the end of ten years it was enormous. In physics 
there had been a revolution since 1896. There was nothing impressed 
him more than the certainty of the scientific method wherever applied. 
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About this time Rutherford was receiving many letters concerning 
the thorium family from Hahn, who, with Fraulein Lise Meitner, was 
employing the recoil method most successfully. When an alpha particle 
leaves an atom with a high velocity, the residue gets an equal kick or 
momentum backwards, as when a gun fires a shell horizontally. The 
speed of the recoil is less than that of the projectile, and the ratio of 
these speeds is the ratio of the masses, of course inversely. The recoil 
atom, as it may be called, is generally freed from its moorings and may 
be collected on a negatively charged body such as a metal wire. 

On I Feb. 15)09, Hahn sent some radiothorium to Rutherford 
from Berlin. It did not arrive and there was unavoidable delay in 
preparing more. In his letter of regret Hahn wrote : ‘ ‘ Ramsay got several 
cubic centimetres of carbon dioxide in one year from 300 grammes of 
ordinary thorium nitrate. Rather a rapid transformation of thorium 
into carbon!** 

One of the chief scientifre events of the year 15)09 was the Meeting 
of the British Association at Winnipeg, under the Presidency of Sir J. J. 
Thomson. Rutherford was President of Section A (Mathematics and 
Physics). There was a good gathering from far and wide: Larmor, 
Hobson, Hahn, H. E. Armstrong, Bumstead, NichoUs, Hull, and others. 
Winnipeg is at the very centre of the North American continent, but 
the centre of population is far south of it. It is a city of the plains with 
cold winters and hot summers, but all the year round its people are kind, 
warm-hearted and hospitable. 

Some letters, preserved by Hahn, throw light on the preparations 
for the Winnipeg Meeting. 

RUTHfiRFORD TO HAHN 

13 Feb. 1909. I received your last paper and am interested to see how 
far you have gone. There was no necessity to give such pre-eminence to 
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my ancient statement [about the recoil atom after the ejection of an 
alpha particle]. I have had the view prominently before me for several 
yean and discussed the question in detail with Russ a year ago. 

Your thorium compound turned up after all. It had been found in 
Manchester and forwarded back to London. I have not had time to test 
it yet. 

I have found the vapour-pressure curve of the radium emanation. 
I think the boiling point of pure emanation at atmospheric pressure is 
about — 65° C. The experiments arc a little troublesome on account of 
the difficulty of purifying the emanation and keeping it reasonably free 
from impurities in the capillary. I imderstand Ramsay finds the volume 
of the emanation even greater than his old value. It will be a great joke 
if he publishes it, for I can easily compress the emanation in a capillary 
at atmospheric pressure occupying less than 6/10 of the volume he 
originally claimed. 

The purification of the emanation is not child*s play, and requires a 
lot of work. 

You mentioned some time ago about the possibility of going to the 
British Association meeting at Winnipeg. The circulars are now out. 
You can become an ordinary member on payment of and have all 
the privileges. I enclose a circular with statement of routes, prices, etc. 
Please send it back when you have studied it. I hope you will be able to 
come along. The University gave me a dinner the other evening. 

In his presidential address to Section A Rutherford showed that his 
ideas on the constitution of matter were beginning to clarify. He was 
impressed with the ease with which alpha particles would pass through 
thin foils of metal or very thin glass, while helium gas could not pass 
through those same layers of material. The alpha particle must be not 
only swift but small. He said: “The old dictum, no doubt true in 
most cases, that two bodies cannot occupy the same space, no longer 
holds for atoms of matter if moving at a sufficiently high speed.” 

He called attention to the work of his friend Boltwood, who “not 
only suggested the view that lead was the end or final product of radium, 
but collected much evidence in its favour”. 

After the Meeting at Winnipeg the Rutherfords visited old friends 
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in Montreal, and found many changes there. Rutherford also went 
to the United States and lectured at a gathering at Clark University, 
together with Volterra from Italy and Michelson from Chicago, both 
Nobel Laureates. 

In Oct. 1909, Rutherford received an honorary degree at Birmingham. 
The next year he opened the new laboratory at Univenity College, 
Dundee, called the Peten Electrical Engineering Laboratory. In his 
address he pointed out that his ‘ ‘ grandparents had sailed for New Zealand 
from Dundee about seventy years previously when his father was 
a boy of six** [more probably three]. 

On Sunday, 29 Nov. 1909, there was a mixed entertainment at the 
New Islington Hall, Ancoats, Manchester, when Rutherford lectured 
on ‘Weighing an Atom*, preceded and followed by song and music, 
such as Schubert’s ‘Who is Sylvia?* and a Haydn Quartet in G major. 
There is no record of the effects of this unusual treatment of the 
atom. 

In Dec. 1909, there was a celebration of the twenty-fifth anniversary 
of Sir J. J. Thomson’s appointment as Professor of Experimeiital Physics 
at the Cavendish Laboratory. Before his time there had been no great 
research school in England and it had been a period of very great 
development. 

A History of the Cavendish Laboratory was written to which Rutherford 
contributed Chap, vi (dealing with his own period at Cambridge from 
1895 to 1898), giving a full and clear account of all the discoveries made 
in those years. 

The events of the year 1910 are brought out in some extracts from 
letters by Rutherford to bis mother: 

t 

12 Jan. 1910. We did not go away at Christmas, but had a quiet time 
at home, and had a number of the research men in to Christmas dinner. 
We have decided to order a motor-car — a Wolseley-Siddelcy. It is very 
desirable to have some means of getting fresh air rapidly. We have 
chosen a four-seated car, 14-16 h.p., which about suits our requirements 
fpt quiet travelling. 
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6 April 1910. Wc got our car on Good Friday and spent three days 
running around while I practised driving. We started on our tour 
Tuesday, and have so far gone 500 miles, first south through Hereford- 
shire, then through Salisbury and Swanage and back northwards to 
Surrey. Wc shall probably start after lunch towards Windsor. Wc 
have enjoyed ourselves very thoroughly. I have learnt to drive fairly 
well without a single incident, even of running over a chicken. A car is 
very easy to manage and far more under control than a horse. We 
average about 17 miles an hour over country, and on a good road run 
along freely at 25. We can go 3 5 or 40 if we want to, but I am not keen 
on high speeds with motor traps along the road and a ten guinea fine 
if I am caught. These are the woes of motorists that I hope to avoid ! 

26 May 1910. Lectures end tomorrow and after a month of exams., the 
university session closes, but I shall continue to work on into August. 
I will attend a congress in Brussels on radioactivity on September 16, and 
may possibly go for a short tour in Germany. I am feeling unusually 
well and fit for work, due to motor exercise. We went last week for 
three days in Wales, and motored 330 miles in that time. There was very 
universal mourning here on the death of the King, and great processions 
on the day^f the funeral. 


14 Oct 1910. I have been rather lax in writing to you lately, but I have 
been busy wandering about. I wrote to you last from the Lakes. I then 
went on the Continent and spent nearly a fortnight in Munich in 
company with Boltwood. Munich is a very pleasant city to hvc in, and 
I had, a good rest. While there wc met several of my old students, 
including Hahn, who now works in Berlin. He is doing the best work 
in Germany at present. We visited Professor Baeyer at his country 
house on the Steinberger See (Lake), about 20 miles from Munich. He 
has been Professor of Organic Chemistry in Munich University for over 
30 years, and is one of the greatest living chen^ts. He obtained a Nobel 
Prize several years ago. Wc had a very pleasant day there and went out 
on the lake in a petrol launch. 

Boltwood and I returned to Brussels in time for the Radiology 
Congress, in which I took an active part and spoke on nearly all the 
papers. There was a large number of people there and I met a number of 
old firiends, including Arrhenius of Stockholm. Madame Curie was 
there. She looked very wan and tired and much older than her age. 
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She works much too hard for her health. Altogether she was a very 
pathetic figure. I had a good deal to do with starting the committee for 
fixing a radium standard. 

I stayed in Brussels four days, talking about i8 hours out of the 24, 
so I was not surprised that I got a relaxed throat, and by the time I 
arrived home I had one side of my face swelled up, due to an ulcerated* 
tooth and a bad cold. Altogether I was a miserable object, but fortu- 
nately I got rid of both very quickly and am in excellent form again. 

I went up to Dundee on October 6 to open a new electrical engineering 
laboratory, and had a most pleasant time. They treated me very well 
and gave a big dinner in my honour. I have sent you a paper giving 
some of the points of my address. You will see I mentioned that father 
came originally from the neighbourhood of Dundee. I stayed with a 
member of the Council, a wealthy man of German origin, who looked 
after me in great style. I visited the University of St Andrews on my 
return journey. It is an old-world place which is to celebrate this year 
its 500th anniversary. 

I have been busy starting my classes and people at original work, 
and naturally have not much time to spare. I shall be going to London 
in about a fortnight to help select a Professor of Maditeiatics and 
Physics for the new University of Brisbane. 

4 Nov. 1910. Last week I went to London to attend the Agent-Gcneral*s 
Office of Queensland to select a man for one of the new chairs in Brisbane. 
I went over to Leeds on Tuesday to interview a candidate from Egypt, 
I saw Professor Bickerton in London. He is trying to float his impact 
theory. Although he is seventy he is very active and energetic not- 
withstanding his trials in Christchurch. I am kept pretty busy with 
ordinary and advanced lectures and my book writing, for I am preparing 
a third edition of Radio^tivity. I shall probably be appointed to the 
Council of the Royal Society. This will entail a dozen visits to London 
per year. I enclose some cuttings of the discussions on the rowdiness of 
the students when I was at Dundee. You will see Asquith suffered an 
even worse fate at Aberdeen. I did not mind it. It was only a frolic on 
their part. • 

16 Dec. 1910. Christmas is fast approaching, lectures have ceased and 
I am endeavouring to get some work done in my comparatively free 
time, I have to go up to London once a month to attend the Royal 



THE NUCLEUS 


192 


[1910 


Society’s meetings. I am also going to London on January 5 to deliver 
a lecture before the Rontgen Society. We are having a small heating 
system put into our house to keep the lower floor a bit warmer. When 
it is cold here, I feel it much worse than in Canada. 


After much discussion and experimental work, Rutherford was 
hopeful about the question of beta rays; in fact, there are difficulties not 
yet overcome, but in August he wrote to Hahn: 

2 Aug. 1910. Many thanks for your batch of papers which I have just 
received. The whole question of beta rays is in a very interesting state 
and should be reasonably cleared up before long. I am hoping to sec you 
in Brussels and I will talk to you on the matter there. What do you 
think of the ‘nomenclature’ question? The more I think of it, the more 
difficult it appears to change much. You wiU have seen Ramsay wants 
to call the emanation ‘niton* as one of the air elements. 

By the way, you told me in a recent letter mesothorium is now for 
sale. Could you arrange to buy £10 worth for me? I hope I can get 
reasonable value for the money. Let me know about it. 

We are jjl well and happy. I am finding it difficult to get through 
all the work I have in hand. 


At the Brussels Congress it was agreed that the amount of radium 
emanation in equihbrium with one gramme of radium should be 
called one ‘Curie’, in honour of Madame. It was further agreed that 
Mme Curie should be requested to prepare an international standard 
consisting of about 20 mg. of radium. Other standards would then be 
prepared and provided on purchase to the various countries of the 
world. This was a matter of great importance as different leading 
laboratories were not sure of the amount of any given specimen of 
radium that they used or possessed. Rutherford and Stefen Meyer 
took endless pains in the negotiations connected with this scheme. 
The final meeting of the Congress was humorous in the extreme, as 
there were several himdreds in attendance, and motions, amendments, 
and amendments to amendments, were rapidly proposed in a number 
of different languages. The Chairman lost his head and ^ere was 
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great confusion until a German, Hallwachs, took control and in a loud 
voice expressed and moved the opinion of the Congress, and it was 
carried ! It was interesting to see one man get cosmos out of wild chaos. 

One day, Rutherford, Willy Wien and I were lunching together 
out of doors at Brussels, when Rutherford began twitting Wien about 
relativity. Wien explained that Newton was wrong in the matter 
of relative motion, which was not the joint velocities M + but that 
expression, according to Einstein, must be divided by where c 

is the velocity of hght. Wien added, “But no Anglo-Saxon can under- 
stand relativity I” “No!” laughed Rutherford, “they have too much 


sense.” 


The Barnard Medal for Meritorious Service to Science given every 
five years had been awarded in 1895 to Lord Rayleigh and Sir William 
Ramsay, in 1900 to Prof, von Rontgen, and in 1905 to M. Henri 
Becquerel, each award signifying a landmark in scientific progress. In 
1910 the National Academy of Sciences recommended to the Trustees of 
Columbia University that the medal should be presented to Rutherford, 
especially for his investigations of the p henomen a of radioactive materials. 
The suggestion was approved and the President, Dr Nicholas Murray 
Butler, brought the medal to England and duly presented it. At the 
same time he made very generous financial offers to Rutherford to go to 
Columbia as Phoenix Professor and Director of Physia, but Rutherford, 
wishing to keep near the centre of physics, thought it wise to decline. 

In Nov. 1910 the soUcitors of the British Radio Telegraph and 
Telephone Company expressed a desire that Rutherford should serve 
as an ‘expert witness* with reference to his magnetic detector, later 
improved by Marconi. In his reply Rutherford expressed a strong 
desire not to be callbd, as his published papers gave a clear history of 
the case. It is to be noted that he did claim that when he saw Marconi*s 
paper of June 1902 in which he referred to the use of a moving band, he 
thought it only right to draw the attention of scientific men to his 
previous work and his experiments with moving steel wires. ( The Electrician^ 
Oct. 1902.) 
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The lawyer who went to Manchester reported that Rutherford was 

most emphatic in his desire not to be associated with either side. His 
position is one of complete detachment and disinterestedness and he 
feels that his independence would be surrendered if he assumes the 
position of expert witness, a role to which he is most averse. He has 
never exploited any of his scientific work for commercial purposes, or 
with a view to patenting and thereby securing for himself alone the 
benefit of such research; he fully and freely publishes the results of all his 
scientific work, and therefore his research possesses the greater value, 
inasmuch it is not done behind closed doors, but is done with a view to 
the world’s knowledge. 

Rutherford was not called; his pubHshed writings were quite sufficient 
for the purpose of proving the historical facts, which after all was what 
the Company particularly desired. He never made any money for 
patents, inventions or discoveries, nor did he seek to make any. 

The year 19 ii was one of the great years of Rutherford’s interesting 
life. It began in the ordinary way. He gave a lecture to the Rontgen 
Society on 5 Jan. at which he called attention to jpahn’s then recent 
discovery of mesothorium, intermediate between thorium and radio- 
thoriunQ On 2 March he reviewed in Nature Mme Curie’s two-volume 
Traiti de Radioactiviti. He wrote: “There is very Htde to criticize and 
much to admire in this notable work. It is remarkable what little 
difference of opinion exists among radioactive workers on the inter- 
pretatiou of the main phenomena.’’ 

The following letter to Bragg, then at Leeds, shows how Rutherford 
was beginning to think that the central core of the atom was negatively 
charged, while his ultimate decision was in favour of a positiv^y 
charged small nucleus in the centre of an atom. 

Geiger is working out the question of large scattering [of alpha 
particles] and as far as he has gone results look very promising for the 
theory. The laws of large scattering arc completely distinct firom the 
small scatterii^, and there are a number of directions in which the 
theory can be verified. I am beginning to think that the central core is 
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negatively charged, for otherwise the law of absorption for beta rays 
would be very different from that observed. The working out of the 
absorption of beta rays is going to be rather difficult on account of the 
impossibility of getting an integral equation when one takes account of 
radiation of energy. I have thought a good deal about the possibility 
of accounting for X and gamma rays, but have made no definite progress. 

Did I tell you that Hahn finds that the penetrating beta rays from a 
simple product are not homogeneous, while the slower ones arc? I 
think I can offer an explanation of that on my theory. I can see that the 
working out of a complete theory of the alpha and beta rays is going to 
be rather a large job; but the outlook certainly is very promising. The 
experimental proof of the various theoretical points will take a con- 
siderable time to clear up ; it will mean a number of special investigations 
under rather difficult conditions. 

Work goes on much as usual. The experiments of several people on 
recoil phenomena give rather unexpected results, and it appears doubtful 
whether the simple theory of the balance of momentum holds in all 
cases. Progress is rather slow on account of the smallness of the effects. 
I have sent in Gray’s paper to the Royal Society. It is very interesting. 

In an earlier letter to Bragg there is a clear prediction in mathe- 
matical form of what must happen if Rutherford’s nuclear theory is 
correct. This has been precisely verified. 

9 Feb, 1911. Your conclusions are quite right re scattering from thin 
plates. I have worked all that out and find the amount returned should 
be proportional to thickness for small thicknesses, and varies as NA 
where N is the number of atoms per unit volume and A the atomic 
weight, supposing the charge at the centre is proportional to the atomic 
weight. This is in agreement with Schmidt’s scattering coefficient, as it 
should be. 

I have looked intfo Crowther’s scattering paper carefully and the more 
I examine it the more I marvel at the way he made it fit (or thought he 
made it fit) J. J.’s theory. As a matter of fact, I find I can explain the 
first part of his curve of scattering with thickness, in large scattering 
alone. 1 believe it is only the use of imagination, and failure to grasp 
where the theory was inapplicable, that led him to give numbers showing 
such an apparent agreement. 


x3-a 
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Your remark about loss of radiation being small is quite right if the 
centre is negative, but it is of the right order to be taken into account as 
a factor in reducing velocity. This is my trouble, for I want to get at 
the fundamental factors, if any, besides ionization, which lead to loss of 
energy of the beta particle. 

I am pretty sure the theory is going to give a rational account of all 
scattering phenomena big and httle for the same atom. The laws to be 
expected are so marked that verification should be comparatively easy. 
These are: 

(1) The number of scintillations per second on the screen (for large 
deflections of alpha particles) varies as cosecr*<^/2, where </> is the 
deflection angle and varies inversely as 

(2) The number scattered through any angle for equal thin thicknesses 
of different kinds of matter varies as A^Nt where 


atomic weight, 

N= number of atoms per unit volume, 
thickness. 

(3) For thick sheets of matter of any kind, alpha radiation scattered 
through more than one right angle varies as (this accounts for 
Geiger’s original numbers published). I am willing to bet these laws 
will hold pretty accurately. 

Altogether, I think the outlook is distinctly promising and I am 
awaiting the results of Geiger’s measurements on these points. 

I think Schmidt’s theory is excellent as far as it goes but his beta 
absorption coefficient may be difficult to account for numerically in the 
general theory, but there is no serious drawback. Otherwise, I think 
the whole scattering phenomena, quahtative and quantitative, will fall 
into Ime. 

I will be in London on the i6th. Sorry I can’t see you. 

Glad to hear your Royal Institute lecture went off in good style. 
I would like to see your gross atoms. 


Note too the following passages: 

Consider an atom which contains a charge ±Ne at its centre sur- 
rounded by a sphere of electrification containing =fNe supposed 
uniformly distributed throughout a sphere of radium R, 



Ipll] CHARGE OP THE NUCLEUS 197 

Consider an atom containing a positive charge Ne at its centre 
surrounded by a distribution of negative electrons Ne uniformly dis- 
tributed withhi a sphere of radium R, 

(Phil Mag., 1911, 21, p. 669,) 

These quotations show that Rutherford was getting oflf the fence 
on to the side of the positive nucleus. 

Max Bom in Atomic Physics (p. 52) states that Lenard, who found 
that ordinary matter was transparent to swift electrons, and conceived 
a small impenetrable centre, a dynamid, to the atom, should “properly 
be credited with the first suggestion of the modem model of the atom”. 
He goes on: “Usually however the tide of the father of the atomic 
theory is given to Rutherford, who took up the research with more 
adequate instrumental resources, and carried it farther; to him we owe 
our concrete, quantitative ideas on atomic structure.” 

Rutherford stated later that he was enormously impressed with the 
fact that when the alpha particles are fired at a very thin gold leaf, a few, 
very few, return almost back towards their source, as if a bullet fired 
at a sheet of paper should bounce back towards the rifle ! He may have 
thought of a fast comet swinging round the sun, controlled by gravita- 
tional attraction, and having a hyperbola as orbit; so that the negative 
nucleus would attract the positive alpha particle. He gradually saw 
that he must have a positively charged nucleus, so that the alpha particle 
would be repelled thereby, and the path would still be a hyperbola. 
He had a model made. An electromagnet stood on a table with (say) 
its north pole uppermost. Another electromagnet, at the lower end 
of thirty feet of flex wire, had its north pole downward and just over 
the fixed pole. These^les repelled each other, and if the long pendulum 
was swung to-and-fro it would swerve away from the lower pole 
whenever near to it. The pendulum might indeed approach and retire 
in the same stra^ht hne. 

It is necessarily true that the results quoted in Rutherford’s letter to 
Bragg of 9 Feb., which seem to be stated for a negative centre, are the 
same as those finally quoted by him for a positive nucleus. 
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Geiger lus given a remarkably clear picture of how the light gradually 
dawned on Rutherford’s mind, so that he achieved one of the greatest 
of his results, on which so much depends — that at the centre of every 
atom is a small nucleus, containing the main mass of that atom, and the 
whole of the positive electrical charge. 

This is Geiger’s account: 


One day (in 1911) Rutherford, obviously in the best of spirite, came 
into my room and told me that he now knew what the atom looked 
like an^^w to explain the large deflections of the alpha particles. On 
3 ic very same day I began an experiment to test the relation expected 
by Rutherford between the number of scattered particles and the angle 
of scattering. 


Chadwick, who speaks with authority, very justly adds: 

The genius of Rutherford had seized upon an apparently unimportant 
detail and transferred it into a clue to the problem of the inner structure 
of the atom. The nuclear theory of the atom was published in a sur- 
prisingly complete form in the same year {Phil Mag.y 1911, 21, p. 669). 
Supported at first by the preliminary experiments of Geiger on the 
variations of the scattering with angle, it was in the next few months 
confirmed in its minutest details by a beautiful series of accurate, 
quantitative tests. It would be difficult to exaggerate the influence of 
the nuclear theory of atomic structure on the whole range of the exact 
natural sciences. The theory will surely rank as the greatest of all 
Rutherford’s contributions to physics. 

It is diflicult to appraise jusdy Rutherford’s mathematical powers. 
In the first Bakerian Lecture he handled his exponentials with quick 
and easy facility, and though such work and calculations are now 
familiar to physicists, that was not the case when he first used them for 
his radioactive theory. When he was discovering his small, positive 
nucleus in the atom, and with Ge^er put the theory to a severe test, 
he used mathematics of a very Newtonian flavour, as though he had 
been studying the Prindpia or some rehash of it, such as Frost’s Newton^ 
which was closely studied by matheniatical students in the rather 
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Stereotyped but excellent training of the famous ‘coach*, E. J. Routh. 
It is interesting to find that he flirted for a time with the idea that the 
central nucleus might have a negative charge so that the positive alpha 
particle was attracted. But then how could the electrons be held to the 
atom? He then changed his viewpoint, the nucleus had to have a 
positive charge — ^the alpha particle ( + ) had to be repelled by a positive 
nucleus, the path must be a hyperbola, and the mathematics continued 
to be Newtonian and took the final form, now exaedy justified by the 
classical as well as by the most modem theories of wave-mechanics. 

C. G. Darwin wrote: 

4 Feb, 1938. I count it as one of the great occurrences of my life that 
I was actually present half-an-hour after the nucleus was bom. 

It was a Sunday supper at his Manchester house and I remember his 
saying to us, I would think before supper itself, that he had been looking 
into the business of big scattering of alpha particles and that there must 
be enormous forces in the atom to do it. Then he said that it would 
require a charge of something like a hundred electrons in the case of the 
gold atom, but that may have been added a few days later. 

As to his mathematics I do more definitely remember being surprised 
at the way he worked the problem out. 

It seems that Rutherford recollected a theorem in geometrical conics 
which Darwin had entirely forgotten since he was at school. Rutherford 
knew that the orbit was a hyperbola and he recalled a relation between 
the eccentricity and the angle between the asymptotes. An energy 
relation — ^loss of potential equals gain of kinetic — ^was also available, 
and so we can give to Rutherford himself credit for the primary 
mathematical development of his great physical idea. Darwin definitely 
states that he was “immediately asked to check the thing up, which 
I only did the next day**. Darwin also worked out the results on the 
assumption that the law had been that of the inverse cube, instead of 
the inverse square; and fiirther considered the motion of the nucleus 
itself, a recoil motion, obviously most important for a l^ht nucleus like 
hydrogen. Rutherford took this idea up at once, and he was particularly 
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interested in the question “How close to the nucleus can an alpha 
particle approach?** He got his answer from the scattering experiments. 
The alpha particle which came almost straight back, rebounding from 
a thin gold leaf, gave him the result, about 3 x io “*3 cm., or three 
Rutherford units, if you like, where a Rutherford unit is the radius of an 
electron, perhaps! 

In the early days all spoke of the ‘central positive charge* which 
was happily replaced by the ‘nucleus*, which included mass and 
electrical charge. 

Henceforth every physicist pictured an atom as having a central 
sim of the minutest dimensions even compared with the size of the 
atom itself. The mass of this nucleus would be nearly the atomic weight, 
and the number of units of positive electrical charge about half the 
atomic weight numerically; for the great clarification of Moseley was 
still to come. 

The discovery of the nucleus with the proof of the correctness of 
his idea was the peak of Rutherford’s research, and it will remain a most 
prominent landmark in the history of science. 

Nagaoka, the greatest of Japanese physicists, visited Manchester and 
afterwards wrote from Tokyo Univenity to Rutherford: 

22 Fek 191 1. I have to thank you for the great kindness you showed me 
in Manchester. 

I have been struck with the simpleness of the apparatus you employ 
and the briUiant results you obtain. Everybody engaged with the 
experiments on radioactivity seems to be impressed with the same fact 
and expresses admiration of the splendid results which you obtain with 
extremely simple means. 

In a colloquium in Wurzburg a report was given of your paper on 
the calculation of alpha particles which was in progress when I visited 
Manchester. All the members present expressed great admiration at the 
splendid result obtained with such a simple device. It seems to me that 
it is a genius, which can work vrith such simple apparatus and glean a 
rich harvest far surpassing that attained with the most delicate and 
complex arrangements. 
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K. Fajans wrote a letter (10 April 1911) about the displacement law 
and the periodic table ; he was one of the quickest to grasp its significance. 
It was known that U X (uranium X of Crookes), a beta ray product, 
followed uranium. Next it was found that there were two uraniums, 
U I and U II, each projecting alpha particles; they were non-separable. 
Hence, said Fajans, there cannot be only one U X between the two 
uraniums; there must be two. He tried to find the new product and 
succeeded. Fajans had the wits to see that it must take two beta ray 
changes to balance the one alpha change. 


90 92 



below 


In 1907 Boltwood had discovered ionium from actinium preparations 
by the addition of a little thorium. “The thorium and ionium remain 
always together when once mixed, and no chemical process is capable 
of separating them again. The two are chemically identical, or as we 
now say, isotopes” (Soddy). 

So, too, radiothorium cannot be separated from diorium, nor meso- 
thorium firom radium. “A period of steady work followed on the 
chemistry of the numerous disintegration products, notably by Fleck 
in Soddy’s laboratory at Glasgow, to ascertain which known element 
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each most resembled, and whether or not it was chemically separable 
from that element. . . . As regards the alpha ray change the Displace- 
ment Law dates from 1911. The complete generalisation was given in 
Feb. 1913, when K. Fajans in Germany and A. S. RusseU and Soddy 
in this country extended the law to the beta ray change. Briefly, 
after an alpha particle is ejected from an element A the residue B moves 
two places to the left in the periodic table, that is, the atomic number 
is reduced by two. But for a beta ray the number is increased by one, 
and the movement is one place to the right.* 

In a letter to Hahn, Rutherford reported progress on the nuclear 
theory and wrote some early information on the ‘branching products’, 
indicating that radium C could pass by different routes, as it were, 
to radium D. 

26 April 1911. I have not heard from you recently; but I hope that your 
work is making good progress, and that you have straightened out the 
beta ray problem. We have just returned from a good holiday; we had 
ten days motoring in the South of England, and a week in the Lake 
District, and have come back to find that spring is in full tide. 

I have been working recently on scattering of alpha and beta particles 
and have devised a new atom to explain the results, and also a special 
theory of scattering. Geiger is examining this experimentally, and finds 
so far it is in good agreement with the facts. I am publishing a paper on 
the subject to appear shortly. You will have seen the results of Gray in 
connection with the production of gamma rays from beta rays excited 
in various substances? 

One of my men, Fajans, an able fellow, has been investigating the 
short-Uved product in radium C, and it will interest you to know th^ 
peculiar results he has obtained. He finds the period is i’4 minutes, and 
that the product emits beta rays of about the same penetrating power as 
those from radium C. He has found no evidence of any other short 
period product. He has not found it possible to obtain by any method 
more than a very small quantity of the 1*4 minute product. He has 
come to the conclusion tiiat this product is really a side branch of 

* Hus statement is abridged from that given by Prof F. Soddy in The InterpreUOim 
of the Atom (John Murray, 1933). 
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radium C, for the amount obtained by recoil is far too small to be in 
the direct succession. By examining rise curves, no evidence has been 
obtained of the existence of this product in the main series. In addition 
he had obtained radium D, and afterwards polonium by recoil from 
radium C in about the amount to be expected if it direedy followed the 
expulsion of the swift alpha particle from radium C. The whole behaviour 
is certainly very curious, and is still under examination. The paper should 
be published in the Phys. Zeit. very soon. 

I undentand from Meyer that the atomic weight of radium is in 
progress in Vienna. The work has been undertaken by a pupil of 
Richards of Harvard, who has had previous experience in atomic weights 
of barium and calcium. 

On 7 June 1911, K. Fajans wrote from Carlsruhe a very clear letter 
on the difficult question of the ‘branching products* and their nomen- 
clature. In the early days of radioactivity it was believed that there 
was direct and linear descent from father to son in all three radioactive 
families, namely, uranium-radium, thorium, actinium. It was gradually 
discovered that the C products always branched. A certain but different 
proportion of these elements divided into two groups ; one group evicted 
a beta particle (electron) and then an alpha particle (helium nucleus), 
while the other group reversed that order. Presumably they arrived 
at the same ultimate goal. 

The discovery of the very short-lived products referred to in the 
next letter to Stefan Meyer was remarkable and important. When the 
actinium emanation broke up, the recoil due to the ejection of the 
alpha particle freed the next product. A, which was a solid and could 
drawn swiftly to a revolving disk. A testing chamber was placed 
close above the disk, and by varying the speed of rotation and the 
distance from the testing chamber the rate of decay to half-value of the 
produ^ could be determined. In the case of actinium A, this was as 
small as 1/500 part of a second ! 

RUTHERFORD TO STEFAN MEYER 

29 June 1911. . . .1 can mention to you now further details of the new 
pr^ucts. Geiger has found that the actinium and thorium emanations 
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each contain two alpha ray products of different ranges. In reality the 
second of these products behaves as a solid and is deposited in an electric 
field on the cathode. The half period of the new product for actinium 
is about 1/500 of a second, and for thorium about i/io of a second. 
Several people are determining the periods here. The rapidity of decay, 
of course, makes it necessary to devise new methods for the purpose. 
Geiger and I have made a number of experiments to illustrate simply 
the presence of this product. The discovery of these products will make 
it necessary to change the nomenclature a little. I think that Geiger and 
I will propose later that the two products be called thorium A and 
actinium A, and the substances now called A be called B and so on. 
I do not dunk that this will lead to any confusion, and it brings out the 
extraordinary close analogy in the constitution of the active deposits of 
radium, thorium and actinium. What do you think of it? Geiger is 
publishing a preliminary note in the Phil. Mag. next month; but please 
regard the other information as confidential for the time. I am very 
busy here with examinations, and wiU continue to be so for another 
week. 


C. T. R. Wilson’s expansion chamber has revealed to us the unseen 
in the atomic world. The sudden expansion of humid air causes a mist 
to form on the charged carriers, or ions, produced in the path of swift 
alpha or beta particles. Their tracks are made apparent to the eye or 
the camera by the mist that marks their paths. It was noted as most 
remarkable that a beam of X-rays did not direedy ionise the air, but 
ejected electrons (photo-electrons they are called) swift enough to pro- 
duce fairly long visible tracks. The greater the frequency of the X-rays, 
the longer the tracks of the electrons! As Einstein would say, the 
change of kinetic energy is equal to the quantum which produced' it, 
or « hv, where v is the frequency and h is Planck’s constant. 

Rutherford wrote an enthusiastic letter to W. H. Bragg when he 
saw for the first time one of these wonderful photographs: 

9 May 1911. I am intending to go up to London on Wednesday 
afternoon to attend the Soir^, and hope to be able to attend Thursday’s 
meeting. I hope that you will come down too. Sorry I can’t sec you in 
Manchester. 
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I had heard something of Wilson’s results, but did not know that he 
had photographed the trail. It is really a splendid piece of work, and will 
no doubt throw a great deal of light on some of the mechanism of 
ionization. I am sure you are highly delighted at the way things are 
turning out in favour of your views. The X ray photograph is really 
remarkable. I am sure that the experiments arc not easy, for I spent 
several months* work on the same subject in 1906 and for the same 
object when I was in Montreal; but my apparatus was so contaminated 
with radium that I could get nothing definite. It is really very fine to 
see the things one has seen in imagination visibly demonstrated. 

If I go to London I shall stay at the Kingsley Hotel if I can get in. 
Elliot Smith is going down too. I will tell you about our holidays when 
we meet. 

P.S. I enclose Wilson’s letter; but I hope you will allow me to keep 
the photographs for a day or two to show my men. 

On 20 May 19 ii there was a review of Rutherford’s article in 
The Athenceum, It first refers to the ‘Saturnian’ atom of Prof. Nagaoka, 
consisting of a central mass surrounded by rings of electrons, and then 
explains Rutherford’s views on “The Scattering of Alpha and Beta 
Particles by Matter”, where he suggests that in the case of gold the 
central charge of such an atom might be that of 49 atoms of hehum 
each with a double charge; this would give nearly the appropriate 
atomic weight 196, as against the true value 197*2 and a nuclear charge 
of 98, whereas it is now known to be 79. All this was before the 
enlightenment due to Moseley. The important point is that Rutherford 
stated that “it was not yet possible to determine whether the central 
charge was positive or negative”. It is interesting to notice the whole 
theory in a state of rapid evolution. 

Three letters follow, vdiich were written by Rutherford during the 
year, and these throw light on the varied interests of the time. 

RUTHERFORD TO MEYER 

17 June 1911. I was much interested in your letter, and am pleased to 
hear that you have got the atomic weight practically finished. It will be 
very valuable to have some check in setting up the standard in order 
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to avoid possible accidental error. I was not quite sure from your letter 
whether you meant that Madame Curie is actually engaged in the 
preparation of the standard or whether it is to be left to the summer. It 
seems to me that the matter cannot be left to drag for several years. . . . 

We have a number of interesting investigations going on in the 
Laboratory, and expect to add soon several new products of rather 
unusual interest; but the experiments are not yet far enough advanced 
to speak of the result. I have a number of experiments going to deter- 
mine a possible variation of ejm of the alpha particle with speed. I think 
we have developed a method that promises considerable accuracy, but 
I anticipate the effect will be too small to measure. We have got several 
excellent photographs of alpha rays similar to Kaufmann’s photograph 
of the beta ray, using combined electric and magnetic field. 

I am going to London next week to attend the Coronation festivities 
and the Naval Review. 

RUTHERFORD TO BRAGG 

14 Oct. 1911. The arrival of your papers this morning reminds me of 
the fact that I have not heard from you for an age. I have, however, 
heard of your movements and of your visit to the British Association, 
and of the ‘luminous and lucid’ address you gaye there; but I trust that 
the luminosity you excited was not responsible for the production of 
external radioactivity which I see Ramsay brought before your notice 
at the meeting. I thought it was long since dead, and its resurrection 
seems to me quite unnecessary. I understand that you turned him down 
with great kindness but firmness. 

As to ourselves, we spent a very pleasant hoUday in Scotland, and 
I have been back for six weeks workii|g hard, and have nearly got a 
research through on the heating effects of radioactive products. I am 
full of work, but otherwise reasonably content. We had a call firom the 
chemist you mentioned to us, Mr Bearder, and we are expecting him to 
lunch today and to take him for a run round the country. 

Next, in regard to a business proposal. You know that J. J. T. has 
been our External Examiner for the last three years, and his time is tmw 
up and I have to look for his successor. I recall that you asked me to be 
External Examiner for Leeds; but 1 trust that you will not follow my 
example and turn down my ofier, which i^ that you take the position 
of External Examiner in Physics for the University of Manchester. 
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I think the work will be reasonably light, and will involve a two or 
three days’ visit at the time of our Honours and Pass Practical Examina- 
tions. We usually set a good proportion of the questions and examine 
most of the papers, but will require your aid in the more doubtful cases. 
If I may say so, I think it is an excellent excuse for a good holiday for 
two or three days, and you will be able to enlighten me at the darkest 
period of the year. I shall consider it a gross dereliction of your duty if 
you do not accept. In addition, Manchester is very convenient for 
Liverpool, so that you ought to be able to run both without much 
inconvenience in travelling. Please let me know your answer as soon 
as you make up your mind — as the matter has to come up before the 
Faculty before long. 

I see by the papers that it is likely that you are taking Sadler as Vice- 
Chancellor. 

When is Campbell going to publish his next paper on the delta rays ? 
His last one reminded me of stories which came out in the magazines 
in which the hero or heroine is left in a most thrilling situation at the 
end of the number. I thought the paper was very Campbellesque, but 
we must await with trepidation the next issue. 

You will observe that the last Phil. Mag. was highly radioactive, to 
which end we contributed materially. 


RUTHERFORD TO HAHN 

2 Oct. 1911. I was glad to receive the postcard from you and your 
friends, and I am glad that I am remembered on these occasions. 

I am at present trying to write up the subject of beta rays for my new 
Edition, and I find it the most difficult task in the book, as there has to 
be a good deal of compression to bring it within reasonable compass. 
I shodd be very glad if you could forward me a photograph or two for 
reproduction of your deflexion of the beta rays, for example, thorium 
and any other that you think would show well. I would like to include 
an actual photograph,to indicate the nature of the results. I should be 
glad, also, if you could give me a brief statement of exactly the results 
you consider definite so far. 

I saw by an abstract that a Frenchman had found seven lines in the 
radium emanation, but I have not yet seen the actual paper. 

Lectures start again this week, and a good many of the research men 
ate back at worL Schrader has come over, and seems a nice fellow, and 
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also A. Russell, who was in Berlin this year with Marckwald. We are 
expecting to have a pretty busy time. There are a great number of papers 
still on the stocks for pubHcation; but I suppose they will appear before 
long. I have been hard at work for the last month on the heating effects 
of the emanation, and my experiments have gone very well. My main 
object was to test whether the heating effect is a direct measure of the 
kinetic energy of the alpha particles, and to see whether the radium B 
to C change emitted energy. ^ 

Kovarik is back in America, and Boyle in Canada. I shall miss both of 
them. Geiger is here and hard at work. We should find it very difficult 
to do without his services. 

I shall be glad to hear how things are going with you. I am sending 
this letter to your home address as I imagine you have not yet got back 
to work in Berlin. 

On 20 Dec. 19 ii Rutherford wrote to W. H. Bragg stating that 
he had been driving at full speed at his book with little time to devote 
to thinking of the account of the theory which Bragg had sent him. 
This referred to the view that an X-ray was a neutral doublet of both 
kinds of electricity. The letter continues: 

I went to the Cavendish Dinner which was a pleasant affair, and had a 
brief talk with Barkla. He seemed quite ready to beUeve that the energy 
of an X-ray was concentrated; but does not like your material doublet. 
He considers that an X-ray must be a type of wave motion, and is to be 
regarded as the simplest form of Hght. J. J. also expressed the latter 
view. . . . 

I was rather struck in Brussels by the fact that continental people do 
not seem to be in the least interested to form a physical idea of the basis 
of Planck’s theory. They are quite content to explain everything on a 
certain assumption, and do not worry their heads about the real cause 
of the thing. I must, I think, say that the English point of view is much 
more physical and much to be preferred. 

About this time Rutherford was repeating the electric and magnetic 
deflection of alpha particles from various radioactive so as 

to determine their velocities of egress and ip make quite sure whether 
the ratio of charge to mass was the same for all. If so, he thereby proved 
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that every alpha particle, whatever its source, is the nucleus of a helium 
atom. This was established. On relativity theory the greater the speed 
the greater the mass, but the change is not large enough to observe 
except for velocities approaching that of light. 

1911 was Coronation Year and Rutherford’s impressions of it arc 
given in letters to his mother: 


20 May 1911. I went down to London three weeks ago to attend the 
Soiree of the Royal Society and the meeting next day. There was an 
excellent show of experiments in which I was much interested. Professor 
Elliot Smith and I wandered round London in the morning and were 
highly edified at the ladies* hats and dresses especially in Hyde Park. 
It is as good as a pantomime to see the women in hobble skirts and big 
hats. I went to lunch with Professor Strutt, son of Lord Rayleigh. After 
attending a meeting at the Royal Society I went home by train. 

We are hoping to go to London for the Coronation if we get scats at 
a reasonable price. I have received an invitation from the Admiralty to 
be their guest and go on board one of the vessels at the Coronation review 
at Spithead. I shall go as it might be a fine sight to sec the collected 
fleets and the night decorations. I go down to Birmingham in three 
weeks* time when I act as examiner in physics for the university there. 
We have not yet decided on our summer holidays but may possibly go 
to Switzerland. 


10 June 1911. There is a big women’s suffrage demonstration in London 
on Saturday which will be over two miles long. I go down on Saturday 
to Birmingham and then down to London next day to attend the 
Coronation Naval Review at Spithead. We shall probably go up to the 
Highlands for our summer holidays and take the car with us. This will 
be our first holiday in Scotland. We go up to Edinburgh on July 6 to 
attend the celebrations connected with degree day. I am getting an 
honorary degree of LL.D. on that occasion. My new laboratory is being 
built rapidly and we shall probably open it before Christmas. 

13 July 1911. The degrees celebrations was an interesting ceremony. 
There were aliumber of Scotch Divines who got honorary degrees and 
also a number of medical pdfl|)le and others. The most interesting person 
ftom the point of view of the crowd was the Maharajah of Gwalior 
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— a Coronation guest — ^who was resplendent in uniform and diamonds. 
I went to a lunch in the Town Hail given to the Colonial Premiers but 
Ward was not there. 

13 Oct. 1911. We are in full swing of university work again and we 
have a laboratory full of people at work. I am thinking of going to 
Brussels at the end of the month to attend ^a congress in physics which 
will last four days — “Theories of Radiation”. You will have seen about 
the strikes in England which have apparendy ended for the time being. 
No doubt the wages are in many cases too low. It appears fairly certain 
there will have to be an increase all round in wages during the next few 
years. 



CHAPTER Vm 


THE ATOM 

After the discovery of the nucleus three notable advances were nude, 
in all of which Rutherford and the Manchester school played a leading 
part. The chemistry of the radio-elements was investigated and their 
places in the periodic table determined. The Rutherford-Bohr model 
of the atom was established so firmly, that it is now referred to as tfe 
atom. The charge on the nucleus was measured by Moseley and found 
to be a multiple of the positive unit electronic charge, so that the atomic 
number became a fundamental conception. Woven into the pattern 
of these three main advances were other events which invite attention. 

Early in the year (22 Jan. 1912) Rutherford wrote to Stefan Meyer 
about radium standards and added: 

No doubt you have heard that Mme Curie is far from well and will 
require a long rest before she will be able to get to work again. ... I 
trust that the rumours that you have heard of the cause of Mme Curie’s 
illness are unfounded. I certainly sympathise very strongly with her in 
the misfortunes that have come to her in recent years. 

The number of research students at Manchester had greatly inacased 
and it was essential to secure more space. This had been duly provided, 
and on i March there was an opening ceremony and a conversazione 
with experiments and demonstrations. The new laboratories were 
opened by Professor Arthur Schuster, and an honorary D.Sc. degree was 
conferred upon the President of the Institution of Electrical Engineers, 
S. Z. de Ferranti. 

The ktter had solved the problem of electrical supply over large 
areas by using 10,000 h . p . generators transmitting current at 10,000 
volts — ^an idea which at the time was regarded as most dangerous and 
revolutionary. He developed transformers to reduce the voltage for 
distribution to consumers* After twenty years* further experience, the 



212 


THfi ATOM 


[1912 

bulk supply throughout the world was in accord with his original 
plans. Rutherford paid a tribute to Ferranti's largeness of conception, 
his original genius, his daring in execution, and his utter disregard 
for self-aggrandisement and money-making. 

On 7 March Rutherford wrote again to Stefan Meyer stating that he 
hoped to visit Paris about the 24th and that he had arranged with 
Debiemc to get apparatus constructed so that Rutherford could try 
his balance method of comparing radium standards. He arranged to 
get away on the 24th so as to join his wife and Bragg at Havre for 
a motor tour in the Pyrenees. 

On 9 April Rutherford wrote to Stefan Meyer from Carcassonne 
and told him of a generous gift to meet the expense of the inter- 
national radium standard, from Dr and Mrs Bcilby, the parents of 
Mrs Soddy. 

Prof. W. H. Bragg had joined the Rutherfords in a “gorgeous trip 
in France. It has been splendid", wrote Bragg, “and I can never 
forget it and all the fun we had and the many varied experiences. 
I never expected to go such a trip and can hardly beheve I have actually 
done so." 

Rutherford's letten to his mother during this summer give a vivid 
picture of events which were described by him soon after they happened, 
in letters that certainly were not written with a view to publication. 

22 May 1912. The Royal Society is celebrating its 250th anniversary 
about the middle of July in London. There will be delegates from the 
Scientific Societies all over the world and a number of garden parties 
and receptions. The King is to receive the Council delegates at Windsor 
Castle and as a member of the Council I shall probably attend. There 
will be a garden party at Windsor by the King and a special service at 
Westminster Abbey. 

25 July. On arrival at Windsor we were shown through the state rooms 
of the castle and after a very considerable walk we went out on to the 
terrace and were marshalled for presentation to the King and Queen. 

The ceremony was very simple. We went past and shook hands with 
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the King and Queen and then made a bee line to find our women folk 
who were congregated at a suitable point. The day was not too hot and 
the King and Queen and family made a procession through the crowd 
of visitors, over 7000, including everyone of importance in London. 
I understand the man who called out the names as we were presented got 
our group of delegates mixed up and every man was given his neighbour’s 
name. It did not matter, as I don’t suppose the King knew the names of 
one of them. 

After a scramble for tea we walked round and made for home about 
5.30. It was rather a tiring function and I am quite content if I never go 
to a Windsor garden party again. I had to buy a silk hat and got quite 
accustomed to wearing that monstrosity. The ladies were all attired in 
their best and the ultra-fashionable had piebald stripes, for example, one 
half of the dress red and the other blue, the line of demarcation from 
one shoulder to the opposite foot. It was very amusing watching some 
of these queer get-ups. 

The last month has been filled with congresses and celebrations and 
I am glad they are now over and I can settle down to three weeks’ 
uninterrupted work before the vacation. There was first of all the 
Universities Congress in London, which I attended for three days and 
where I met a number of old Canadian and Australian friends. The week 
after was the 250th anniversary of the Royal Society. After the pre- 
sentation of addresses from delegates there was a big dinner in the 
evening in the Guildhall, which was full of well known people. Asquith 
proposed the health of the Royal Society and speeches were made by 
the Archbishop of Canterbury and various other notables. I sat next to 
Ramsay Macdonald the head of the Labour M.P.s. On Wednesday we 
went to Syon House where the Duke of Northumberland gave a garden 
party and I met a number of old friends. 


In the autumn of 1912 Hahn had written to Rutherford begging that 
due credit should be given to his collaborators von Baeyer and Lise 
Meitner, to which he received this reply: 

17, Wilmslow Road, Withington, Manchester: 17 Oct 1912. I am glad 
you drew my attention to my delinquencies, and I can assure you that 
it was quite unintentional. I have not my paper with me to look up, 
but I think I adopted the method to save repeating Baeyer, Hahn and 
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Meitner in different orders at regular intervals. The whole matter is put 
fully and correctly in my book: at least I think so. It is always difficult 
to be quoting three people at once, two are bad enough. 

I am glad that you are going on with the beta ray work. I have done 
some here on radium, and intend to continue it. We have just had 
Boltwood staying with us for a few days, and he ft now on his way 
back to America. He is in very good form after his holiday, but seems 
to have had a pretty hard time fixing up the new Laboratory in Yale. 
He left this morning to go to Rotterdam. 

You will be interested to hear that W. Wilson is now over with 
McLennan in Toronto, and J. A. Gray in McGill, both as lecturers. 

With regard to Ramsay, I noticed that he had revived the ancient 
notion. He told me all about it, but I gendy insinuated that it was a 
great pity that one did not have a hundred times as much radium and 
could not spend a hundred years in proving such points. General radio- 
active analysis of minerals shows that neon, if produced at all, is in 
excessively small quantity. 

I have got a couple of men at present examining whether gamma rays 
are produced from alpha rays. We have found it so already for several 
cases, and intend to carry it right through. You will see a reference to 
it in mine and Chadwick’s paper. I have got a fine room myself now 
in the Laboratory, and am getting ready to do a number of things. My 
book is practically completed, and ought to be out before long. I hope 
that you will take an opportunity of seeing something of Geiger, whom 
you will find a thoroughly good fellow. He will be probably fairly 
lonely for a bit. 

We are all very well and flourishing. I am glad to hear that you are 
going to work in the Kaiser Wilhelm Institute. I hope soon to hear that 
you will be appointed full Professor in that Institute, but I suppose that 
that is not settled yet. 


The ‘ancient notion’ referred to in this letter was the production 
of lithiuiji and neon by radiations firom radium, which further experi- 
ments failed to substantiate. These efibrts are not to be confused^with 
modem transmutations effected by quite different means. 

Later in the autumn there was held another Solvay Conference in 
Brussels, described by Rutherford in Nature (20 Nov.) : 
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The First Intemadonal Conference in Brussels on the Theory of Radia- 
tion, in 191 1, owed its inception to Mr Ernest Solvay and proved a great 
success. 

Shortly afterwards Mr Solvay generously gave the sum of one million 
francs to form an International Physical Institute {Nature ^ 90, p. 545), part 
of the proceeds to be devoted to assistance of researches in physics and 
chemistry, and part to defray the expenditure of an occasional scientiBc 
conference between men of all nations to discuss scientific problems of 
special interest. In pursuance of this aim the second International 
Conference or Conseil International de Physique Solvay was held in 
Brussels this year on October 27-31, under the able presidency of 
Professor Lorentz. Among those present were Lorentz, K. Onnes, 
J. J. Thomson, Barlow, Pope, Jeans, Bragg, Rutherford, Mme Curie, 
Gouy, Brillouin, Langevin, Voigt, Warburg, Nemst, Rubens, Wien, 
Einstein, Lawe, Sommerfcld, Griineisen, Weiss, Knudsen, Hasenhorl, 
Wood, Goldschmidt, Verschafielt, Lindemann, de Broglie. . . . 


On 13 Sept. Rutherford had written again to Stefan Meyer saying 
that while attending the British Association at Dundee he met Dr Beilby, 
who had made another generous gift to cover the expense of a radium 
standard for Great Britain, to be preserved at the National Physical 
Laboratory. The importance of correct standards cannot be over- 
estimated. Dehvery of goods and adjustment of prices would be 
extremely difficult if no one knew what was the length of a yard within 
ten per cent. Another letter deals with the same subject: 

RUTHERFORD TO MEYER 

17, Wilmslow Road, Manchester: 16 Nov, 1912. I understand firom Glaze- 
brook that the communication from your Ministerium was at length 
located in the Home Office. As is the custom of our officials, they took 
four months in deciding that it did not properly belong to their 
Department. A formal request has been sent to die Foreign Office, and 
I trust that they will act on it without delay. I received "safely the 
reprints of the paper on the ‘Heating Effect’. By the way, how did 
Mr H. Robinson become ‘Miss’? I shall be interested to know how 
the mistake arose. The Laboratory is enjoying the error, for Robinson 
is about four inches taller than myself and is not easily mistaken 
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for a ‘Miss*. I will have to correct the matter when I publish the 
English translation. Dr von Hevesy will be calling on you on his 
way back to Buda-Pesth. He is an able fellow and has done capable 
work on the chemical side of radioactivity. He will tell you that he 
has determined the valency of a great number of the radioactive 
substances. ^ 

In this year the third edition of Rutherford’s book on radioactivity 
appeared from the Cambridge University Press, under a new title, 
Radioactive Substances and their RadiationSy to avoid certain difficulties 
about rights for translations. The book embodied all that was known 
of radioactivity and its applications up to the time of publication. It 
was a great feat to write such a book in the middle of so busy a life, 
and with the research work of a great laboratory in full swing. 

As Geiger remarked later: “His text-book on Radioactivity is for the 
initiated a record of his selflessness. How often does the name of 
a disciple accompany a discovery which was yet completely his own 
creation”. 

This invaluable book is now out of print and a quarter of a century 
has made it obsolete in a few matters of fact. It is the last great work on 
the whole subject written by one familiar with every aspect of the 
developments in which he had taken so leading a part. In this book is 
found an early, or perhaps the first, use of the word ‘nucleus’ — “The 
atom must contain a highly charged concentrated nucleus”. 

Seven years later the Cambridge University Press published Radiations 
from Radioactive Substances^ by Rutherford, Chadwick and ElHs, a book 
which, as its name implies, deals largely with radiations. 

About this time there was some prospect of W. H. Bragg becoming 
the first Principal of the new University of British Columbia, and he 
consulted Rutherford, who replied: 

10 Jan. 1913. . . .1 can quite sympathise with you in die difficulty of 
making a choice — Of course the position would be ideal if there were 
plenty of money and one could have one’s own way; but these arc the 
very questions you cannot find out beforehand. I think that if I were 
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in the position that I felt tired of Physical work and had not an idea 
left to work on, I should consider it an admirable position to occupy 
one’s declining years; but I quite agree with you that it would be 
very difficult to leave the Physical world at such an interesting time, 
when there is so much to do and so many interesting problems in 
sight. 

It seems to me that such positions should be taken by men who have 
a real interest in administration for its own sake. I am sure that if you 


than loo^QoQ - sec. 
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Branching products of thorium. 65 per cent go by the C' route, 35 per 
cent by the C'' route 


had taken it you would have missed very much the scientific side 

I do not think that any President’s job is a rosy one. . . .1 always feel that 
one is very much happier in doing work in which you have a keen 
intellectual interest. After all, provided one has enough to live on 
comfortably and is engaged in work which you like doing, the exalted 
positions of the world have very litde attraction — at any rate, to me. 

Darwin, Marsden and Makower at Manchester were investigating 
the “branching products’’. Strange it is that in the case of radium C 
only I in 2500 atoms begin their transformations with the alpha; the 
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great majority start with a beta ray chaiige. In the case of actinium C, 
only 3 in a 1000 start with the beta; while with thorium C the betting 
is 2 to I in favour of the betas preceding the alphas. Some of the inter- 
mediate products in these changes have an extraordinarily short life, 
only about a millionth, or even a hundred thousandth part of a 
millionth of a second. The alpha particles from such quick-changing 
atoms have long ranges and high energies. Captives with large energy 
quickly burst the bonds of their prison and spread afar. But after all, 
these stories remind one of the Queen of Sheba and Solomon’s 
grandeur, the half of it cannot be told. 

On 18 March 1912, Rutherford had written to Boltwood: “Bohr, 
a Dane, has pulled out of Cambridge and turned up here to get some 
experience in radioactive work**. 

Here is one of the first letters that passed between Rutherford and 
Bohr, a conjunction of bright spirits which proved so fhiitful in ideas 
and scientific progress. 

BOHR TO RUTHERFORD 

24 July 1912. Leaving Manchester I wish to thank you very much for 
all your kindness against me here. I am so glad for all what I have 
learned during my stay in your laboratory, 1 am only sorry that it has 
been so short. I am so thankful for all the time you kindly have given 
me; your suggestions and criticisms have made so many questions so 
real for me, and I am looking forward so very much to try to work 
upon them in the following years. 

In 1913, when I was staying with the Rutherfords, there came into 
the room a slight-looking boy whom Rutherford at once took into his 
study. Mrs Rutherford explained to me that the visitor was a young 
Dane, and that her husband thought very highly indeed of his work. 
No wonder, it v(as Niels Bohr ! 

Bohr’s theory of the atom was entirely complementary to Ruther- 
ford’s. The positive heavy nucleus was accepted, and the satellite electrons 
were so constrained as to give correctly the known spectral series. 
It was evident to Bohr that in some way or odier Planck’s Quantum 
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Theory (1900) must be applied to the atom in order to get the correct 
values for the frequencies of the observed lines. Perhaps it may help 
some readers to regard each atom as a minute wireless station, capable, 
when stimulated, of sending out and receiving signals of quite dehnite 
frequencies and wave lengths. Observers had found, in the case of 
hydrogen, two or three simple series of sdeh frequencies, and they 
were best evaluated in terms of the quantities i, 1/4, 1/9, 1/16, . . . ; and 
their differences. There was another constant involved, named after its 
discoverer Rydberg. 

Bohr took the mechanics of Newton and wove into them the quanta 
of Planck. When a signal left or entered an atom, the energy of that 
signal was always a ‘lump*, heap, bundle, or quantum of energy, 
proportional to the frequency of the wave. The energy change equals 
h times the frequency, where h is Planck’s constant. Bohr created 
a diagram showing the orbits of the electrons round the central nucleus. 
In the simplest case of all, hydrogen, there would be but one encircling 
electron, and Bohr found it necessary to suppose that this electron could 
be temporarily stable only at definite distances from the Rutherford 
nucleus. In order to achieve this, he proposed that the angular momen- 
tum of the electron about the nucleus must also be changed by quanta. 
In this way, Bohr obtained a complete and successful scheme for the 
series of spectra of the hydrogen atom, and computed their frequencies; 
calculated the value of the Rydberg constant; and forecast that a series 
attributed to hydrogen should correctly be assigned to helium, as was 
afterwards proved. Rutherford was entranced with this beautiful theory 
which brought order into the exterior of the atom as he had done for 
the nucleus. Bohr’s theory has had profound modification since the 
early days, particularly from 1924 onwards. Yet his was the key that 
first opened the door and without his genius the later progress, in which 
he was always a pioneer, could not have been achieved. 

At this time, however, Bohr’s theory was still in a state of evolution, 
and it is interesting to note the development of his ideas. Rutherford 
besought Bohr to be as brief as possible, consistent with clearness, for 



220 THE ATOM [1913 

“long papers have a way of frightening readers. It is the custom in 
England to put things very shortly and tenely in contrast with the 
Germanic method, where it appears to be a virtue to be as long-winded 
as possible.” 

BOHR TO RUTHERFORD 

3, St Jacobsgade, Copenhagen : 6 March 1913. I thank you very much for 
your letter, I was so glad to hear about all that is going on in the labora- 
tory. I am exceedingly interested in it all, and especially in the results of 
your work on the gamma rays. 

Enclosed I send the fot chapter of my paper on the constitution of 
atoms. I hope that the next chapters shall follow in a few weeks. In the 
latest time I have had good progress with my work, and hope to have 
succeeded in extending the considerations used to a number of different 
phenomena; such as emission of line-spectra, magnetism, and possibly 
an indication of a theory of the constitution of crystalline structures. 
I have, however, some difficulties in keeping it all together at the same 
time, and shall be very glad to have some of it published as soon as 
possible on account of the accumulating literature on the subject. As 
besides the paper is getting rather long for publishing at one time in a 
periodical, I have thought it best to publish it in parts. Therefore I shall 
be very thankful if you kindly will communicate the present first 
chapter for me to the Phil. Mag. 

As you will sec, the first chapter is mainly dealing with the problem 
of emission of line-spectra, considered from the point of view sketched 
in my former letter to you. I have tried to show that it, from such a 
point of view, seems possible to give a simple interpretation of the law 
of the spectrum of hydrogen, and that the calculation affords a close 
quantitative agreement with experiments. (I have given reasons which 
show, that if the foundation of the theory is sound, we may assume that 

3*290 X 10** (Rydberg’s number). 

Putting your value e*-4*65x io“*®, I get /i«6*26x io~*’. 

Putting Millikan’s value e*4‘87x io~*®, I get A** 6*76 x io~*’. 
Unfortunately, however, Planck’s constant is hardly known with any 
great accuracy.) 

The second chapter deals with the atoms, the third with the mole- 
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cules, and the last chapter with magnetism and some general considera- 
tions. 

I hope that you will find that I have taken a reasonable point of view 
as to the delicate question of the simultaneous use of the old mechanics 
and of the new assumptions introduced by Planck’s theory of radiation. 
I am very anxious to know what you may think of it alL 

As you will see, I have by the considerations in the first chapter been 
led to an interpretation, different from that generally assumed, of the 
origin of some series of lines observed in stars, and also recently by 
Fowler in a vacuum tube filled with a mixture of hydrogen and helium. 
Instead of ascribing them to hydrogen, I have tried to give reasons for 
ascribing them to helium. This latter point might, however, be tested 
experimentally. In a discourse in which I prepared my point of view 
and tried to explain (as I have done in the paper) that the presence of 
hydrogen in the experiments of Fowler might indirectly be the cause of 
the lines considered, the chemist Dr Bjerrum suggested to me that if 
my point of view was right, the lines might also appear in a tube filled 
with a mixture of helium and chlorine (oxygen, or other electronegative 
substance) ; indeed it was suggested, that the lines might be still stronger 
in this case. Now, I have not in Copenhagen the opportunity to do such 
an experiment satisfactorily; I might therefore ask you if you would 
possibly let it perform in your laboratory, or if you perhaps kindly 
would forward the suggestion to Mr Fowler, which may have the 
arrangement used still standing. 

When I have finished my paper, I hope to be able to come on a short 
visit to Manchester, and look forward to this eventuality with the 
greatest pleasure. 

When Rutherford read Bohr’s paper, he wrote: 

20 March 1913. Your ideas as to the mode of origin of spectra in hydrogen 
are very ingenious and seem to work out well; but the mixture of 
Planck’s ideas with the old mechanics makes it very dif&cult to form a 
physical idea of what is the basis of it all. There appears to me one grave 
difficulty in your hypothesis, which I have no doubt you fully realise, 
namely, how docs an electron dedde what fircqucncy it is going to 
vibrate at when it passes firom one stationary state to the other ? It seems' 
to me that you wo^d have to assume that the electron knows beforehand 
where it is going to stop. 
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In 1913 Geiger had invented a new type of detector^ which would 
indicate alpha or beta particles. With this instrument it was easily possible 
to detect a single electron issuing from a piece of uranium-radium ore 
held a few inches away. A small closed hollow cylinder had a small 
hole at one end covered with a thin piece of mica, 'fhe point of a fine 
sewing needle, just behind the hole, was almost sparking to the cylinder 
kept at about a thousand volts. When the electron entered there was 
ionisation by collision and the needle, connected to a string-electro- 
meter, gained potential, which was quickly removed through a high 
resistance to earth. Every electron made the string ‘kick* and this 
could be shown to a large audience by projection. 

RUTHERFORD TO GEIGER 

17, Wilmslow Roadt IVithingtortt Manchester: lo May 1913. lam glad 
to hear that you received the proofs safely and much interested to hear 
of your new method of counting. It is rather surprising that the pointed 
conductor, which we tried to avoid so much, should prove after all the 
best thing. 

If you can arrange to send me a working tube I should be much 
obliged. I do not know whether you have yet arrived at the sugc of 
publishing. I was thinking of showing the old experiment of counting 
the alpha particles at the Royal Institution, but rather funked it when I 
thought of all the apparatus I would have to carry down. If, however, 
your new arrangement works well and without trouble, I might be 
prepared to show it. I do not know whether you will have published 
the method by that time. If not, I would, of course, either say nothing 
about the details or make any statement you thought fit. As a matter 
of fact, I could merely state that it was a special arrangement prepared by 
yourself on the lines of our old work and give no publicity to it. 

I was interested to hear of the effects of pressure upon it. It certainly 
looks as if the effect at low pressure might prove very useful in some 
types of experiments. My lectures begin on May 24^1, so that if you 
could send me a tube 1 would like it to arrive within the week, if 
possible. 

I was down at London at the Royal Society Soir^ where Collie was 
showing his production of neon and helium i^om vacuum tubes. I had 
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a good talk with him and it certainly seems that there is no doubt of 
the magnitude of the ejects, but he appean to have reached J. J/s 
conclusion, that the amount he obtained out of a tube diminishes with 
successive heating. Fowler also showed his new hydrogen spectrum 
series in helium tubes. 

The Whitsuntide holidays are now in full swing, but most of die 
lectures go on as usual. You will be interested to hear that Arrhenius 
has sent over Dr Oholm, who is likely to be soon made Professor at 
Helsingfors, to learn the elements of radioaedvity, like Arrhenius in the 
old days. He seemed to think that you had looked after him very well 
in those days of long ago. 

Lots of work is going on with beta and gamma rays, and Robinson 
and I hope in a day or two to have completed the measurements of ejm. 
We have now got to the stage of obtaining very definite and accurate 
results. 

In the summer the Rutherfords went for an expedition in the Tyrol 
and were joined at Rothenburg by Geiger, who travelled with them to 
Munich, where they regretfully parted company. Boltwood took his 
place and they went for a three weeks* tour of the Tyrol and the 
Dolomites. 

The 1913 Meeting of the British Association at Birmingham was one 
of remarkable interest. The quantum theory and Bohr’s ideas on spectra 
were in the air, and when Lord Rayleigh (Chairman of the Mathematics 
and Physics Section) was pressed for an opinion, he replied that “men 
over seventy should not be hasty in expressing opinions on new theories **. 
He was however reluctant to approve the quantum theory, for he did 
not believe “that Nature behaved in that way”, for, he added, “I have 
difficulty in accepting it as a picture of what actually takes place”. 
This difficulty still remains, but when one gets used to it, the trouble 
like many othen is lightened. 

Yet Poincar6 and Jeans wcre'crystallising public opinion by proving 
that exchanges of energy must take place by jumps in some such manner 
as that advocated by Planck, Binstein and Bohr. 

Mme Curie was at the Meeting, shy, retiring, self-possessed and noble; 
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everyone wished to see her, but few were successful. The press were 
eager for interviews, and Madame skilfully parried their questions by 
singing the praises of Rutherford. It was not quite what they wanted, 
but it was all that they could get. “Dr Rutherford”, she said, “is the one 
man living who promises to confer some inestimable Ifcon on mankind 
as a residt of the discovery of radium. I would advise England to 
watch Dr Rutherford; his work in radioactivity has surprised me 
greatly. Great developments are likely to transpire shordy, to which 
the discovery of radium is only a preliminary.” 


HEVBSY TO RUTHERFORD 

19, Nador U., Budapest: 14 Oct. 1913. I was sorry you had to leave 
Birmingham so soon and could not read your second paper, and also 
that I only saw Mrs Rutherford at the degree ceremony for a few 
seconds. 

The meetings on Monday and Tuesday have been very interesting. 
It is a most remarkable fact that Aston succeeded to separate the two 
Neons by diffusion and gave a definite proof that elements of different 
atomic weights can have the same chemical properties. Thomson came 
in his paper on X3 to the conclusion that the latter is a polymerized 
Hydrogen, a kind of Hj (like O3). In the following discussion Bohr — in 
liis usual modest way — suggested the possibility of X3 being an H atom 
with one central charge, but having a three times so heavy nucleus than 
Hydrogen. He suggested to let a mixture of H and X3 diffuse through 
Palladium and try if it is possible to separate them for the heavier X3 
atom has to diffuse much slower. 

Bohr had not been understood properly and Thomson gave a rather 
quick answer, saying — after a brief consultation with Ramsay — ^that 
Bohr^s suggestion is useless, for not the molecules, but the atoms of H 
diffuse through hot palladium. — Certainly, but it was just Bohr’s point. 
. . . The general appearance was, that he told something highly ingenious 
and Bohr something very stupid. Just the contrary was the case. So I 
felt bound to stick up for Bohr and explained the meaning of Bohr’s 
suggestion in more concrete terms, saying that Bohr’s suggestion is that 

X, is possibly a chemically non-scparable clement from Hydrogen 

Of course it is not very probable, but still a very interesting suggestion, 
which should not be quickly dismissed 
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Three hew ideas constitute our present knowledge of Radio- 
chemistry and the periodic law. 

(1) That elements of diderent atomic weights can have the same 
chemical properties. This was first stated by Svedborg and Stromholm 
(1908) but chiefly advocated by Soddy; he can claim this point un- 
doubtedly. 

(2) The fact that it is a simple connection between the occurrences 
inside and outside the atom. 


Hevesy then points out that UII cannot possibly follow UI, as 
they are isotopes. Fajans saw that there must be intermediate products, 
and looked for and found U X^. 

Though Russell was already interested in the problem and I started the 
valency experiments when Bohr came to Manchester, no doubt he 
encouraged us both very much and if we trace the origin of the above 
ideas to their origin, we will find them m Bohr’s mind, as pointed out 
to me by himself in his usual modest way. 

(3) The third point is that after the emanations the change does not 
lead to the group two, but the group six of the periodic table. Which 
has been first pointed out by Fajans. 

I spent a very pleasant time in Birmingham, it was my first visit to 
this part of England. On the excursion to Kenilworth Castle I met a 
former teacher of yours, Bickerton. He is a funny old chap and one of 
the comical figures you find at every congress. 

Coming back from Kenilworth, we passed Leamington where the 
Mayor entertained us and saw us off later on. When standing on the 
platform he happened to start a conversation with Bickerton, and 
seemed to be very much struck by the versatflity and nobility of the old 
man, and after hesitating for a few seconds he lifted his grey top hat and 
asked him “if he happens to be Sir Oliver?” “Not so famous, but 
greater” came the prompt answer and the train left the platform. I will 
never forget this scene. 

I crossed after the Birmingham meeting the Channel and came just 
in time to the Vienna Congress, where I meet aU the German and 
Austrian scientists interested in radioactivity and many others. 

The very hospitable house of Prof. Meyer was the centre of the 
radioactive people and the few days spent there were very nice and 
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interesting ones. It was interesting to compare the Vienna and Birming- 
ham meetings; all together it was more knowledge in Vienna, but far 
more ingenuity in Birmingham. 

Speaking with Einstein on different topics we tame to speak on Bohr’s 
theory, he told me that he had once similar ideas but he did not dare to 
publish them. “Should Bohr’s theory be right, it is of the greatest 
importance.” When I told him about the Fowler Spectrum the big 
eyes of Einstein looked still bigger and he told me “Then it is one of the 
greatest discoveries”. 

I felt very happy hearing Einstein saying so. 

In the autumn of 1913 Rutherford attended the Solvay Conference 
at Brussels and he has left many notes, often difficult to decipher, 
made for the interesting discussions which, especially at that time, 
took place on the nature of things, particularly atoms and radiations; 
on the relation between beta and gamma rays, or as might be said 
today between electrons and photons; also on the number of electrons 
in an atom of given atomic weight, for atomic number was not yet 
known. Rutherford lectured for the first time in Holland at Amsterdam 
and visited the famous low temperature laboratory at Leyden. He was 
then strongly advocating improved methods of securing high voltages. 
“I think it is a matter of pressing importance at the present time to 
devise electrical machines of the highest possible voltages.” 

The list of New Year’s Honours for 1914 included the name of 
Ernest Rutherford for the order of knighthood, and he was invited 
on 12 February by the King at Buckingham Palace. 

cox TO RUTHERFORD 

West Down, Hindhead, Haslemere: i Jan. 1914. . . .We all send our 
heartiest congratulations to you and to Lady Rutherford. Of course 
this has ‘cast its shadow before’ long ago. Even in Montreal we used 
to try our tongues on the new style. But we are just as delighted now it 
has come. 

But I say 1 You must draw the line somewhere. Remember Lamb’s 
dreadful speculation about Lord Lamb, Prince Lamb, King Lamb and 
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even Pope Lamb. We will allow you the O.M. in due course. But 
never think of Pope. Well, we shall drink your healths at dinner — ^in 
lime-juice, alas ! . . . 


A distinguished research student of Rutherford’s, J. Chadwick, had 
gone to Berlin to work with Geiger, little foreseeing the hard trial 
awaiting him — internment for the whole duration of the War. He 
wrote: 

Charlottenburg, Bismarckstrasse, 9 Gth in; 14 Jan. 1914. I have wished 
to write to you for some time but I was ashamed to tell you what litdc 
progress I have made here. 

First I would like to send my sincere congratulations on your knight- 
hood. It was not a great surprise to me but Geiger was tremendously 
surprised. I have had to explain to him several times what it means. 
He has forgotten a fair amount of English customs but he has recovered 
some since I came. From now on, no English is allowed except 
dictionary English. I get along reasonably well now but have trouble 
with the different accents. There are scarcely two people in the Reichs- 
anstalt who have the same accent 

Working with Geiger is great fim and he helps me in every possible 
way. I find his German very difficult to understand, and in my opinion 
he has the worst accent in the Reichsanstalt. By ‘worst* I mean the 
farthest removed from the Berliner accent. 

We go to Rubens’ colloquium every Wednesday but I prefer ours. 
Here there is the advantage that every subject is discussed, but the 
abstracts are often carelessly done and the discussions are not at all 
stimulating. The Physikalische GescUschaft is sometimes good, but is 
too long. Three hours on a hard wooden scat is too much for me, and, 
if I really must keep awake and think, I prefer to have my body comfort- 
ably provided for. Hahn 1 find extremely nice and he gives exceedingly 
clear papers. The only thing I can really complain about is that there is 
no tea at half past four. ’ 

HUTHEKFORD TO HEVESY 

17, Wilmslow Road, Withington, Manchester: 7 Jan. 1914. We are very 
glad to receive your kind telegram of congratulations, but I was 
wondering how you heard the news unless fiom one of your Manchester 
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correspondents. It is, of course, very satisfactory to have one’s work 
recognised by the powers that be, but the form of recognition is a litde 
embarrassing for a relatively youthful and impecunious Professor like 
myself. However, I trust that it will not infcrfere with my future 
activities. . . . 

I have been hard at work all the Christmas vacation determining the 
wave lengths of gamma rays, and have made such good progress that 
I see my way pretty well clear to its conclusion. The whole problem is 
a very difficult one, much more so than X rays, partly on account of the 
disturbances due to beta rays and partly on account of the great pene- 
trating power of the radiations. 

You will have seen in this month’s Phil. Mag. that Soddy has found 
AntonofF’s results. I am very glad that things have turned out all right, 
for I should have been very sorry to feel that the laboratory had one 
piece of bad work to its discredit. I think Antonoff has scored heavily 
in the matter, for he never wavered in his certainty that he was right 

Eileen was very pleased at the news, and was greatly excited on New 
Year’s Day with the succession of telegrams. She is of the opinion that 
neither of her parents has the ‘swank’ and natural dignity for such 
decorations. . . . 

The reference to Antonoff is not without interest, for he had separated 
a branching product named uranium Y, of doubtful parentage, but 
a substance with an enormous progeny, for it appears to be the parent of 
protoactinium, also known as Pa, from which in turn descends the whole 
of the actinium family. 

It has already been explained that when a radioactive transformation 
occurs, there is disintegration of the nucleus accompanied by the 
expulsion of an alpha or beta particle— according to the nature of the 
atom. What then arc gamma rays? Long arguments and many ex- 
periments have been made in connection with this question. At one 
time the bcu were said to cause the gamma rays, at another time, 
the exact reverse, and indeed each can incite the other in a certain 
sense. 

Perhaps it is possible to venture on a statement, however rash such 
an attempt may be. After the expulsion, during the atomic disintegra- 
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don, of an alpha or beta pardcle, the atom may be in a state of electric 
strain, or in an ^excited state*. A natural readjustment is effected by 
the emission of an electromagnedc wave, or photon, from the nucleus. 
This is a gamma ray. We owe this point of view to Lise Meitner, who 
strongly defended it against opposition. 

In passing through the atom a gamma ray may give all or some of 
its energy to one of the satellite or Bohr electrons, thus driving it out 
in strict accord with Einstein’s law of photoelectricity. These electrons 
are called beta rays, but they must not be confused with the disintegration 
beta rays. It may then be said, at the risk of losing every shred of scien- 
tific reputation, that a genuine gamma ray is an S.O.S. wireless signal 
from the nucleus of an atom in distress ! 

RUTHERFORD TO HAHN 

17, Wilmslow Road, Withington, Manchester : 16 March 1914, I thank you 
very much for your very kind and cordial letter of congratulations on 
the New Year’s honour. I am very glad to feel that my old students 
are pleased with this recognition of my labours in the past. I think you 
know that I do not lay much stress on such forms of decoration, for they 
have obvious disadvantages in the case of a scientific man like myself. 
However, I am getting quite used to the change of title, and trust that 
it will not interfere with my scientific activities. I had to go to London 
about a month ago for the formal investiture at Buckingham Palace 
by the King. I had to get a special Court uniform with a sword attached. 
The fimetion passed off quite simply and pleasandy but I was glad to get 
it over. . . . 

You will be surprised to hear that I am paying a hurried visit to 
Canada to Montreal, and the U.S.A. and am leaving on March 28th. 
I will suy with Professor Eve in Montreal and have already arranged to 
give an address before the joint Chemical and Physical Societies in my 
old lecture room in McGiU.' My main object is to accept an invitation 
of the National Academy of Sciences in America to deliver two lectures 
of a somewhat popular character before them on the evolution of matter 
and the structure of the atom. They are starting a new series of lectures 
at their Annual meetings, and 1 am supposed to lead off. I shall have a 
very busy time before I go, for Bragg comes up on Wednesday to give 



THB ATOM 


230 


[1914 


a lecture on X ray spectra and the structure of crystals, and I go down to 
London on Thursday to open a discussion on the structure of the atom 
at the Royal Society. This is an innovation, but I hope there will be a 
good discussion. Our information of the atom is really growing apace, 
and I have a firm belief in the general correemess of my nucleus 
atom. 

I expect to return to Manchester from America in the first week of 
May, and leave for Australasia on July ist with my family. I hope to 
spend about two months in New Zealand visiting my parents and 
people. The Miss Rutherford you mention is now happily married and 
is the proud possessor of a son. I shall be sure to see her and will give 
her your remembrances. 

I understand from Stefan Meyer that he has been writing to you about 
the Vienna Radiology Congress in 1915. I hope that all you Radioactive 
people will turn up in strength on that occasion to support me in my 
Presidential capacity. I think it ought to be a good meeting, and we 
shall be able to accomplish work of very definite importance. 


Rutherford obtained leave of absence from Manchester University 
so that he might go to Washington to deUver the first “WiUiam E. 
Hale Lecture** to the National Academy of Sciences. He chose as 
subject “The Structure of the Atom and the Evolution of the Elements**. 
He sailed to Halifax and went on to Montreal, but here is his own account 
of the early part of his journey, written to his wife: 

Hotel Tourainet Boston: 14 April 1914. I have at last got a few minutes 
free before going in to New Haven, to tell you of my wanderings since 
my arrival in Halifax on Tuesday at 6 p.m. I found Mackenzie, Principal 
of Dalhousie, and Bronson down to meet me and we had dinner 
together and talked over old times.. . .The journey on to Montreal 
through Maine was very tedious and uninteresting as there was deep 
snow everywhere. I whiled away the time with sleep and bridge widi 
the youngsters who had the drawingroom on the car. We did not arrive 
at Montreal till 3 a.m. but I slept on till 6 and got to our fiiends at 8 for 
brcakfiist. . . .There was snow everywhere in the streets and the weather 
when I was there was generally about fireezing with a good deal of wind. 
Such conditions were of course exceptional, but I thanked God I did 
not have to live in Montreal permanently. The Eves* house is very 
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comfortable and runs very happily and the children are great youngsters 
and the elder is remarkably intelligent and helpful for her years. . . . 

As soon as I had settled down for a smoke I had to set out for the 
Lab. and to make ready my lecture at four, and at tea, I met a number of 
old friends and Sir William Macdonald, who is now Chancellor of 
McGill, turned up, looking just the same as ever. After the lecture we 
went to dinner at the University Club, with about fifty present, vrith 
speeches by Peterson, Barnes, Eve and myself. 


Rutherford spent three days in Montreal seeing old friends, particularly 
Harriet Brooks, then Mrs Pitcher, with three children, “all admirable 
specimens”; and then on Sunday night he went on to Boston and to 
Harvard where he dined at the Club and “gave an informal lecture 
which went off in great style”. 

He lectured at Columbia, Yale and Princeton, and there is no doubt 
that his wide and friendly acquaintance with so many of the leading 
scientific men in the United States proved of great value at a later date 
when the heavy strain of the War was most severe. 

G. E. HALE TO RUTHERFORD 

National Academy of Sciences: 1 June 1914. Your kind letter of May ii, 
telling me of your return to England, was very welcome. I assure you 
that we most heartily appreciate the great favour you have done the 
National Academy, and American science generally, by inaugurating 
this series of lectures. I never before saw so much enthusiasm and 
interest at any scientific lectures. Professor Loeb, in a great state of 
delight, said that Faraday never did better. The splendid thing was that 
you not only brought out points of the greatest general interest and the 
most fundamental importance, but you stirred the imagination of every 
investigator worthy of the name who heard you, and stimulated them 
to try and do likewise. I never was so stirred in my life, and I have 
wondered a hundred times since how I could learn to think and to do 
things in such a big and effective way. The rush of your advance is 
overpowering, and I do not wonder that Nature has retreated from 
trench to trench, and from height to height, until she is now capitulating 
in her inmost citadel . . . 
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On his return to Manchester* and in the midst of his preparations for 
the visit to Australia and New Zealand, in connection with the forth- 
coming Meeting there of the British Association, Rutherford found time 
to interview the press on the question of the supply of radium for 
medical purposes. Manchester wanted to raise £ 2$, 000 for the purchase 
of radium, and it is interesting to note that this city has taken a leading 
place in pioneer work in radiology. 

Rutherford said that the price of radium was high and must fall. 
The two sources then were pitchblende from Bohemia and camotite 
from Colorado. Two new sources have since been added — the Belgian 
Congo, and the Great Bear Lake district, Canada. The price was in 
1914. about ^16 a milligramme, and in 1938 about ^4 to £$; during 
the War the price soared. 

In 1914-the Itdi^ Society of Sciences presented the Matteucci Medal 
to Rutherford. 


In this same year an important discovery was made at Manchester 
by Marsden. He found that when alpha rays were projected into 
hydrogen, so that heavy projectiles, mass four, struck lighter atoms of 
mass one, a few of the hydrogen atoms were driven forward far beyond 
the range of the alpha particles. This was ‘playing marbles* with atoms, 
the large one giving its momentum to the small, so that the latter 
acquired a high velocity. Perhaps this effect simmered in the mind of 
Rutherford and helped towards the nuclear theory, and to the greater 
transmutation work of 1919. 

On 20 May Rutherford wrote another long letter to Stefan Meyer 
about the proposed Radium Congress to be held in Vienna. There were 
to be opening addresses by Rutherford and Mme Curie, and papers 
and demonstrations by Moseley, Bragg, Geiger, Hahn and others, and 
excursions, such as a visit to the famous mines at Joachimsthal, then 
the main source of radium. He further stated that Soddy had com- 
municated a paper to the Chemical Society in which he had found 
“that lead firom a thorium mineral was of higher atomic weight than 
ordinary lead**. 
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On 29 June Rutherford wrote again to Stefan Meyer about the pro- 
posed Radium Congress with full suggestions as to speakers and subjects. 
He took great pains that each coimtry should be represented by their 
best men. He added that he would be sailing for New Zealand on 
28 Nov., returning 10 Jan. This letter ended with the words: “I am 
very distressed by the tragic news of the assassination of the Archduke 
and his wife in this morning’s paper. The Hapsburghs have a very 
tragic family history.” 

Few then realised that this murder would cause the death of more 
than ten millions and the destruction of a world order which we 
believed to be stable. For a time everything continued in a normal 
manner. Not until August did the crash come and the world was at war. 

On 27 June, Rutherford opened a discussion on the “Constitution 
of the Atom” at a meeting of the Royal Society. The nuclear theory 
of the atom was well received and Rutherford showed that an alpha 
particle could proceed up to a very short distance from the centre of 
the nucleus, amounting only to 1*3 x io ~*3 cm. It has been proposed 
to call cm, — or one ten-million-millionth of a centimetre — 

a Rutherford unit, suited as it is to describe the sizes of nuclei. About 
100 million atoms side by side reach one inch, and about a thousand 
nuclei side by side would stretch across an atom; or a million-million 
nuclei side by side would cover one inch in length. 

The next letter is one of the first written to Rutherford by H. Moseley, 
who fiashed on the scene like a meteor, and like a meteor his course was 
brief, but how resplendent! 

Pick's Hilly West WelloWy Romseyy Hants: 17 July 1910. Thank you for 
your letter informing me of my appointment. It will be a great pleasure 
to me to work in your laboratory, and after my failure in ‘schools* 
I consider myself very lucky to have got the opening which I coveted 

I would like to be guided entirely by you on the subject which I 
attempt, since until I luve had a year or two for reading of a difierent 
kind, fiom that useful for examinations, 1 cannot profit^ly choose for 
myself. 



THE ATOM 


234 THE ATOM [1913 

I will spend August in Oxford, and will then read up Radioactivity, 
in the hope that your suggestion may be in that direction. My present 
knowledge extends little way beyond your books. 


In 1913 Moseley was sdll working at Mailthester. Among other 
experiments he had imprisoned some radium emanation in a silvered 
glass tube just thick enough to stop the alpha particles and thin enough 
to let all the negative beta rays pass. This loss of negative electricity 
would make the inside of the tube acquire an increasing positive charge, 
unless allowed to discharge as in Strutt’s radium clock. Moseley had 
a simple scheme of measuring the increasing potential which mounted 
to a quarter of a miUion volts, declining with the decay of the radon. 

I had the good fortune to sit next to Moseley at lunch at the refectory 
and congratulated him on this interesting piece of work. He replied 
that he was most anxious to go forward with his next experiment which 
he said was full of promise, and on my inquiry as to its nature, he rephed 
that he intended to bombard successive elements in the periodic table 
with cathode rays, so as to excite their natural X-rays, which would 
then be reflected from crystals so as to reveal their frequencies. To those 
who cannot readily follow that last sentence, it is sufficient to add that he 
was going to bombard the atoms and make them speak for themselves ! 

The reader may then jusdy inquire what part of the atom was he 
going to bombard? Was it the Rutherford nucleus, or tliose Bohr 
outer electrons which give rise to visible light? Neither the one, nor 
the other! He bombarded the electrons in the inner Bohr rings, or 
orbits, or levels, which are nearest the nucleus, called the X, L, ... 
orbits. He had already studied the reflection of X-rays from crystals, 
working with Darwin. With a speed of experimenting, which astounded 
even Rutherford, he carried out his design; putting onto a small 
carrier half a dozen elements at a time he moved them forward 
in succession, showered electrons on them and measured the fre- 
quencies of the resulting X-rays with his crystal reflector. He found 
that the K ring frequencies fix^m successive elements increased by 
uniform steps. Something was always one greater for each advance 
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of elements. This could ho nothing else, he claimed, than the positive charge 
on the Rutherford nucleus. Much work has been carried out since that 
day when he completed his work in Oxford, and all that he claimed has 
stood, so that the atomic number is as important as the atomic weight. 

This atomic number is the exact number of positive unit charges 
on the Rutherford nucleus. When we say uranium, atomic number 92, 
hydrogen, atomic number i, that indicates that the nucleus of the 
uranium atom has 92 times the charge on the hydrogen nucleus. It 
also means that uranium is number 92 in the periodic table, and there 
are no fractions or decimals involved. 

Towards the end of 1913 Moseley left Manchester and began to 
organise for a continuation of his work at Oxford, and he wrote a letter 
of gratitude to Rutherford. 

48, Woodstock Road, Oxford: 7 Dec, 1913. After seeing Townsend on 
Saturday I took a week’s holiday in Hampshire finding that there was 
no apparatus with which to begin work forthwith. The last week has 
been spent in collecting the apparatus, a task requiring patience and tact 
in one or two cases, but now I think I shall really be able to get started 
again. It is too early yet to have an opinion on the prospects of working 
here efficiently, but I find the professor most obliging and ready to 
make the way smooth. The mechanic however is likely to prove a thorn 
in the flesh. Things seem to move slowly here compared to Manchester. 
My wish to get something made in a week is thought to show unseemly 
impatience, while liquid air is only made apparently about once a 
month. 

However I naturally do not expect such good conditions for doing 
work as obtain at Manchester; as I am sure that it is no use looking for 
the like in England. 

I want you to know how very much I have enjoyed the three years 
spent in your department. When I came my brain was full of cobwebs 
left by reading for examinations, and even if this time has only served 
as an education it has been very well spent. Especially I want to thank 
you and Mrs Rutherford for your kindness in interesting yourselves 
about me, and for die debt I owe you for personally teaching me how 
research work ou^t to be done. 
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Moseley’s progress at Oxford was phenomenal, for on 18 Jan. 1914 
he wrote to Rutherford that he was obtaining spectra from elements 
of low atomic weight like aluminium, from the inner ring (K) of 
silver and tin, and from the second ring (L) of tbc rare earths. Here is 
his wonderful claim: “I do not doubt that it will be possible to put 
every rare earth element into its right pigeon-hole and to settle whether 
any of them are complex and where to look for new ones”. His main 
difficulty was to obtain salts of pure elements but he got a number from 
Urbain, “who is a most friendly gentleman”. By 23 April he had them 
all in order and wrote to Hevesy saying that he had been “searching 
unsuccessfully for the unknown element. Either it is very rare, or as 
is quite likely only occun in a few minerals. I hardly think it does not 
exist”. Nine years were to pass before this rare element, hafnium (72), 
was discovered by Coster and Hevesy. 

He had already written a letter to Rutherford, congratulating him 
on his knighthood, in which he showed himself a stout champion of 
Bohr. 


MOSELEY TO RUTHERFORD 

48, Woodstock Roadf Oxford: 5 Jan, 1914. Please accept my heartiest 
congratulations on your knighthood. I know well your views on the 
sorrows entailed by a title in the guise of blackmail levied by servants 
and so forth, and I am all the more glad therefore that you have sacrificed 
yourself for the sake of the public reputation of science. . . . 

You may have noticed that F. A. Lindemann has been going for me 
in Nature. I propose to reply and enclose a copy of my letter. I have 
sent it to Nature this evening but as it is long I hardly expect to see it this 
week. 

I need hardly say that I riiould be very grateful for any criticism or 
advice, if you could spare time to read it. Here there is no one interested 
in atom buildmg. I should be glad to do something towards knocking 
on the head the very prevalent view that Bohr’s work is all juggling 
with numbers until they can be got to fit. I myself feel convinced that 
what I have called the hypo±esis is true, cbt is to say one will be 

able to build atoms out of e, m, and h and nothing else b^des. Of the 
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three variadom of this hypothesis now going, Bohr’s has and away 
the most to recommend it, but very likely his special mechanism of 
angular momentum and so forth will be superseded. 


Moseley and his mother started in June for Australia to attend the 
meeting of the British Association. Before starting he wrote to 
Rutherford; 

I am rather exhausted after Urbain’s visit. He and his wife stayed with 
us for two days and proved delightful people, but unfortunately neither 
spoke a word of English. Ramsay shepherded them from Paris, put them 
up for a night and very kindly brought them on to Oxford, else they 
might well have been lost. The attempt to speak dog French all day, 
and to get definite results in two days at the same time was naturally 
tiring, but I thoroughly enjoyed it, since Urbain is himself an excep- 
tionally interesting man, I gathered from him that the French point of 
view is essentially different from the English. Where we try to find 
models or analogies, they are quite content with laws. He is himself a 
very unusual type of chemist, since his idea of chemistry is the study of 
the physical properties of elements and compounds, and of the two he 
himself prefers to work with the elements. Hence his success in isolating 
these rare elements. He uses every available physical property to identify 
them. . . . 


This year (1914) saw the publication by Rutherford and Andrade 
of a piece of work of great beauty. When a beam of gamma rays from 
radium B and C impinged on a thin sheet of mica, those rays which 
struck the crystals of the mica at a suitable angle were enhanced in 
a certain direction and impoverished in another, so that a photographic 
film behind the mica appeared to be ruled with four bright lines forming 
a square, and with four dark lines forming another square. By measuring 
the defiection of the gamma rays it was possible to determine their 
wave lengths, which arc comparable with those of X-rays, but usually 
shorter, though the range of values is large. 

It is impossible to include here a full account of all the activities 

at Manchester under Rutherford's leadership. The gift of a Mathe- 
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madcal Rea<icrship by Professor Arthur Schuster led to the appointment 
in succession of Bateman, Darwin and Bohr, whose influence spread to 
all the work of the laboratory. Geiger and Nuttall discovered the 
law relating to the Ufc of the atom and the velocil^ of the alpha particle 
ejected. It is not surprising that an alpha particle with high energy 
should escape more quickly from the nucleus. In fact there is a simple 
linear relation between the logarithm of the life of the atom and the 
logarithm of the energy of emission of the alpha particle. There is 
a slightly different relation for each of the three great families, radium, 
thorium, actinium. The law has received recently some explanation 
on the wave-mechanical theory by Gamow and others. 

Rutherford once said to Prof. E. A. Milne, “there is no page, or 
paragraph, or paper in any Journal, which one cannot improve if one 
tries”. A true, but depressing remark, which was intended to stimulate 
the writer — ^any writer — to take more pains 1 
He further urged that it was “essential for men of science to take 
an interest in the administration of their own affairs or else the pro- 
fessional civil servant would step in — and then, the Lord help you ! ” 
More than one of Rutherford*s students at Manchester have left 


a record of their impressions. Thus A. B. Wood wrote: 


The laboratory housed a very happy family with Rutherford as ‘father*. 
Problems and difficulties were often discussed in the afternoon at tea, 
and some of these occasions leave impressions, apparently trivial but 
really fundamental. I well recall an occasion when Moseley raised the 
question of design of large electromagnets. A serious diflBculty in the 
use of electromagnets was due to overheating during the long exposure 
required to obtain X-ray deflection photographs. This overheating led 
to breakdown of the insulation of the winding and Moseley suggested 
using hare aluminium wires which would oxidise on heating and the 
oxide coating, being an insulator, would improve with use. This topic 
turned to a general talk on electromagnets, some members of the tea 
party tending towards exaggeration of their merits. 

Rutherford, who had remained quiet, then told, with his knowing 
smile, the story of a magnet at Montreal. This magnet, he said, would 
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take a bunch of keys from a man's pocket as he came into the room — ^in 
fact **thc magnet was strong enoi^h to draw the iron out of a man's 
constitution". 

At this point, of course, the tea party broke up, every man to his own 
job ! In those days, all were keen on solving the problem on hand and 
many, with Rutherford in the forefront, worked very late hours in the 
laboratory. 

I well remember Moseley making liquid air for an experiment he was 
doing at 2 or 3 a.m., returning after a few hours' sleep to give a lecture 
at 9.30 a.m. After an intensive period of research, almost night and day, 
Rutherford would write up the paper for publication and take a few 
days' holiday; then back again full of fresh ideas. His energy was 
infectious and almost unlimited. He made no effort to conceal his joy 
at the conclusion of a successful experiment, and it was his proud record 
that he "never put a man on a ‘dud' research". When his nuclear 
hypothesis seemed firmly established by experiment, he would say of 
the ‘classical atomic theorists' that ‘‘some of them would give a 
thousand pounds to disprove it!" The great dehght in his face as he 
removed his pipe and made the remark was one of the characteristics 
of Rutherford which can never be forgotten by those who knew him. 


Similarly Hans Geiger recalled ‘‘Memories of Rutherford in Man- 
chester" in Nature (6 Feb. 1938): 

I see his quiet research room at the top of the physics building, under 
the roof, where his radium was kept and in which so much well-known 
work on the emanation was carried out. But I also see the gloomy 
cellar in which he had fitted up his delicate apparatus for the study of 
the alpha rays. Rutherford loved this room. One went down two steps 
and then heard from the darkness Rutherford's voice reminding one 
that a hot-pipe crossed the room at head-level, and to step over two 
water-pipes. Then finally, in the feeble light one saw the great man 
himself seated at his apparatus <and straightway he would recount in his 
own inimitable way the progress of his experiments, and point out the 
difficulties that he had to overcome 

In the laboratory small glass tubes were used to hold large quantities 
of radium emanation. To break one was a crime, for the whole laboratory 
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would have to stop work from the spread of radioactive contamination. 
One day a tube was broken. Rutherford encoimtered Geiger and in- 
quired after his work. Geiger was curt and said that all work was 
stopped and that the trouble had come from Rutlftrford’s own room ! 
Rutherford looked surprised and repHed, “Well! There you have 
further proof of the power of this emanation.” Geiger continued, 
“ With this remark, he left me; but he soon returned saying that I must 
be somewhat upset, and that I needed a little fresh air.” So Rutherford 
took Geiger in his car out of the turmoil of the city and he was soon 
discussing his experiments and all the problems that remained to be 
solved. Geiger concludes: “Nothing was so refreshing or so inspiring 
as to spend an hour in this way, alone with Rutherford. In spite of the 
minor provocation, I would be loth to part with the memory of such 
a day, spent in fellowship with a master-mind.” 

On one occasion a research student from another University aired 
a grievance with Rutherford and told him that his Professor had stolen 
his thunder and published in a paper a result or idea due to the student. 
“Well,” said Rutherford, “you know it never does to quarrel with 
your mother’s milk.” 

There is also a story of a breezy and friendly conversation at 
Manchester between the Professors of Physics and of Philosophy. 

Physics, “When you come to think of it, Alexander, all that you 
have said and all that you have written during the last thirty years — 
what does it all amount to? Hot air! Hot air 1” 

Philosophy. “And now, Rutherford, I am quite sure that you will 
like me to tell you the truth about yourself. You are a savage — a noble 
savage, I admit — ^but still a savage! This reminds me of Marshal 
MacMahon, who was inspecting some cadets and had been asked to 
speak some encouraging words to one of them who was coloured. 
The Marshal passed down the ranks and, coming to the cadet, ex- 
claimed — *Vous 6tes un n^rc?’ ‘Oui, mon g&i6raL* A long pause 
and then — *Eh bicn ! Continuez!’ 

And that’s what I say to you, Rutherford, ’Continuez’.” 
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At the Meeting of the British Association in August at Sydney 
Rutherford gave the popular lecture on “Atoms and Electrons”. It 
is unusual to find criticism of his lectures and therefore it is well to quote 
The Melbourne Age (25 Aug. 1914) : 

Though a great scientist, Professor Rutherford is hardly an ideal lecturer, 
at any rate to a popular audience. He is fond of using specialised terms 
that convey nothing to the majority of his hearers, while he frequently 
drops his voice as though soliloquising in front of the screen. Neverthe- 
less, he told a marvellous tale — 

Gradually he overcame the drawback of lowering his voice at the 
end of his sentences, but the other point, jusdy raised, of using specialised 
terms, is one of the greatest importance and difficulty. If, every time 
he lectured, he had to explain the terms electron, atom, alpha particle, 
hehum, gamma rays and so forth, he would never have got anywhere 
in his lectures. He had to assume a certain amount of knowledge, as 
well as of intelligence, on the part of his audience. Yet people who would 
be horrified at ignorance of Shakespeare, Beethoven, Leonardo, Julius 
Caesar, will not turn a hair in showing the most profound ignorance 
about electrons. 

To return to the lecture at Sydney Rutherford said, referring to the 
idea of isotopes, “There may be two pieces of lead which look exaedy 
the same and yet their physical quahtics may be quite different. That 
may not be believed now, but it will be later.” 

Now is the time to consider that forecast. There are today at least 
seven elements aU of which are properly called lead, atomic number 82, 
but they all have different atomic weights: 

206*5, t2dium G, the stable end product of the radium family, 

207, actinium D, the stable end produa of the actinium family, 

207*8, thorium D, the stable end product of the thorium family, 
and the following radioactive leads : 

214, radium B, half-value period, 26*8 minutes, 

210, radium D, half-value period, 25 years. 
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21 1, actinium B, half-value period* 36 minutes* 

212* thorium B* half-value period, 10*6 hours. 

The ordinary lead of commerce, when purified, has atomic weight 
207*2. It is a mongrel of many isotopes. 

The artificer and mathematician of the universe achieves great variety 
in apparent uniformity. 

After the British Association Meeting, the Rutherfords went on to 
New Zealand, and visited his parents and other relations and friends 
in the North Island. They next went to Christchurch and received a 
civic welcome from the Mayor. At his old University, Canterbury 
College, Rutherford lectured on “Evolution of the Elements** — the 
very subject that he had chosen for his first public address to the 
Scientific Society before he went to Cambridge. 

The choice of such a subject in his youth was something of a shock, 
for evolution was an unhallowed subject then. Now, what a change ! 
He could speak with authority as the man who had detected and proved 
that such an evolution, or devolution, was an assured process in Nature, 
80 that, stage by stage, the transformations of a stately series, from 
uranium through radium to lead, was no longer a question of specula- 
tion but of hard facts, which the most reluctant minds had been forced 
to assimilate and admit. 

The outbreak of war caused some anxiety on the return journey, 
but all the memben of the British Association arrived safely at their 
homes. The Rutherfords crossed the Pacific, Canada and the Atlantic, 
and returned to an England very different from the cotmtry they had 
left in the previous summer. 
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THE WAR YEARS 

The War had quickly broken up the ‘family’ of research students 
working at Manchester, leaving Rutherford and a depicted staff to 
carry on the teaching work of a gready reduced laboratory as best they 
could. At first the impact of war was dimly understood in England and 
it took time to adjust everyone and everything to new conditions. 

Strangely enough, it was possible to send and receive letters to and 
from an enemy country — ^wimess the following letter from Stefan 
Meyer, sent through the American Consulate fiom Vienna: 

MEYER TO RUTHERFORD 

JVien: 3 Sept, 1915. It is now some time since I heard from you but I 
gather from a letter of Prof. Bohr to Hevesy that you received my last 
letter. I hope Lady Rutherford and you arc in good health and I should 
be dehghted to hear from you to this effect. I am glad to say we are 
all going nicely along here and work in the Radium Institute is pro- 
gressing steadily forwards. Those known to you personally who arc at 
present working in the Institute, Godlewski, Loria, Honigsehmid, 
Hevesy, Hess and Pancth send their heartiest greetings. It is to be hoped 
that you have received our publications up to No. 77, which were sent 
to you via Switzerland, as well as the number of the Anzeiger (through 
Hohnes) in which among other things were included summaries of the 
papers of Loria (who without effect tried to communicate with you) 
and of your countryman R. W. Lawson. The latter has been working 
undisturbed, uninterruptedly and diligently since the outbreak of the 
war when he was cut off from the homeland, and I feel certain that you 
will be pleased to hear that our Academy of Science accepted his recent 

papers unhesitatingly It is hardly necessary for me to mention that 

our feelings towards you and all frirnds arc quite unchanged, and I take 
this opportunity of expressing the sincerest and heartiest greetings of 
my wifr and of all of us to Lady Rutherford and to yourself. 
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RUTHERFORD TO SCHUSTER 

14 Jart, 1915. We returned a week ago to Manchester after a quiet and 
unadventurous journey. We came back from New Zealand via Van- 
couver, Montreal and New York. I saw many of my old fiiends in 
Montreal, and Boltwood came to see us in New York. He desired me 
to send his kind remembrances to you and Mrs Schuster. We are all 
much better for the holiday, and I am feeling very fit for work. 

I do not know if you have heard of the changes the war has made in 
my Department. Pring has got a Commission as ist Lieutenant in the 
Royal Fusiliers, Florance, Andrade, and Walmsley in the Artillery, 
while Robinson expects a Commission at any time. We shall, however, 
with a little re-arrangement be able to carry on the work temporarily all 
right. 

Possibly also you have heard that Marsden has been appointed 
Professor of Physics in Victoria College, Wellington, in succession to 
Laby, who gained the post in Melbourne. He is leaving here in a week*s 
time to take up his duties. You may remember that when Laby went 
to Wellington, he was at my instigation given a sum to buy radium 
from the R.S. Fund. I gather that he will take this radium with him 
over to Australia, so that Marsden will have practically no radioactive 
material in Wellington. I was wondering, whether, under these con- 
ditions, the R.S. would be willing to make a grant of, say £100 to 
Marsden to acquire radium for use in his laboratory? I think you know 
that I have a very high opinion of the ability of Marsden, and the large 
amount of important work he has already done in radioactivity is the 
best indication that he will continue to do good research in that subject 
in the future. 

Of course I have not been able to buy meso-thorium with the fund 
that was so kindly granted to me by the Royal Society, as the substance 
was only produced in Berlin by Messrs Knofler & Co, 

I do not know whether there is any special fund available for the case 
of Marsden; but I personally think it would be a very desirable thing to 
help out a Colonial University like Wellington, which is in a chronic 
state of poverty. Please let me know what you think of the matter. 

I hope that you are all well. I have heard that you had rather an 
unpleasant time getting back fi:om the Crimea. 

P.S. I believe that Miers is certain to take the post of Vice Chancellor 
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here (private). I think we shall all be quite contented with the appoint- 
ment. Eileen leaves for Bedales to-morrow, and is quite excited at the 
prospect. 

As soon as the British Association Meeting in Australia had ended 
Moseley returned to England and at once joined the Army. He was 
made a Signalling Officer, R.E., and trained at Brookwood, whence 
he wrote to Rutherford: 

14 April 1915. Many thanks for your letter, which I have not had a 
chance to answer earlier. I am kept very busy and as we are in tents 
and out on horse back or foot all day long I am in splendid health. 
I have quite an interesting little job, as I am responsible for the com- 
munications of a Brigade, the 38th, and so I and my 26 men will be 
quite on our own as soon as we get to the Front. I still occasionally sec 
the Phil. Mag. but for the rest I have dropped out entirely and never so 
much as hear from anyone in the game. We expect to be in France 
before the end of the month, and so all my affairs have to be put 
straight, besides a large number of details of special equipment etc., for 
my section. One thing lies heavy on my conscience, and that is my 
Sydney B. Ass. paper, for I have never published it. I must make time 
to get ready an abstract for the Phil. Mag., before I leave, as to chemists 
the reality and order of the rare earth elements is of much importance. 

It is interesting to find that a letter from Geiger, serving in the German 
army, could find its way through some neutral country to Rutherford 
in Manchester: 

Strassburg: 26 March 1915. Many thanks for your letter of Febr. 13th 
which I received a few days ago. Through Professor Boltwood I have 
had news about you already but I was very glad to hear from you 
directly. 

I was on the Front up to middle of October but got ill and had to 
spend nearly ten weeks in bed. It was a rather bad rheumatism with 
fever and my legs were very much swollen and stiff. But now I have it 
over and am doing service again, but am not at the Front yet. I expect 
I shall be in the field-again in about a fortnight. 

I think nearly everyone of my colleagues whom you know is in the 
field. Dr Rumelin (also Reinganum and Glatzel) fell in one of the first 
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months of the war. W. H. Schmidt is also dead; but from what I have 
heard he must have been in a very bad and hopeless condition all last 
year and so it was perhaps the best for him. I sometimes hear from 
Professor Hahn who seems to stand the dangers of war very well and 
is apparcndy quite happy in his military position. Dr Schrader is in the 
field artillery and is quite well up. 

In February I had a fortnight leave of absence which I spent in Berlin. 
To my surprise I found that the trade in radium is flourishing more than 
ever and that there was plenty to do with testing. During 1914 we 
tested 8*2 gr. radium metal and made about J^isoo with fees. I expect 
that the year 1915 will still be better. I noticed several papers of you 
in the magazines but must confess that I do not find at present the 
necessary concentration of mind to read anything scientific. 

I am very pleased that Marsden got the professorship in Wellington 
and am sure that he deserves it. In case he should not have left England 
yet, please give him my best congratulations. I hear from Chadwick 
occasionally and of course we do for him what can be done under the 
present circumstances. But that is very little. 


RUTHERFORD TO SCHUSTER 

3 May 1915. There is some consideration here about inviting foreigners 
to the British Association in September. I daresay a few might cOme 
over from France or Russia, but I am a little doubtful of neutral countries, 
for there are special reasons why they might not feel inclined to take 
obvious sides. However they can only refuse. 

There is to be a discussion on Friday about this matter amongst some 
of us. Whom would you like to suggest to invite from the point of 
view of Physics in general? Possibly Hale might come over; also 
Galitzin — ^possibly also Langevin, Perrin, Mme Curie, etc. 

If we write at all it will be worth while seeing that Physics is not left 
out in the cold. Let me hear from you in the next day or so. 


At a Royal Institution Lecture in June Rutherford gave an account 
of C. T. R, Wilson's marvellous photographs of a beam of X-rays 
passing through a moist expansion chamber, so that mist setded on the 
ions along the tracks of the electrons expelled from air molecules by 
the invisible X-rays. 
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The physicists were able to see the tracks which they had hitherto 
imagined and foreseen from the result of long and patient experi- 
ments. 

He also referred to Joly’s haloes due to specks of uranium in mica, 
and to the interesting relation between the length of life of the atom 
and the length of the alpha-ray track as discovered by Geiger and 
Nuttall. 

In July, a friend wrote to Rutherford suggesting that Moseley would 
be much better employed “if he were set to solve some scientific 
problem presented by the war“, rather than as Brigade Signalling 
Officer, pointing out that some particular problem should be selected, 
for if Moseley were brought home “simply for his own security, he 
would naturally be very much incensed”. 

Rutherford wrote at once to Sir Richard Glazebrook asking whether 
suitable scientific work could be found which would justify Moseley’s 
recall from the Front. Action was taken, but it was too late ! Moseley, 
as Signalling OflScer of the 38th Brigade, had left England for the 
Dardanelles on 30 June 1915. In August, when twenty-seven years old, 
he was killed by a bullet through the head when telephoning an order. 
Thus passed one of the brightest spirits of that generation, who had 
accomplished more in his brief lifetime than most scientific men can 
claim in a full life of threescore years and ten. 

Rutherford wrote to Nature (9 Sept. 1915): 

Scientific men of this country have viewed with mingled feelings of 
pride and apprehension the enlistment in the new armies of so many of 
our most promising young men of science — ^with pride for their ready 
and ungrudging response to their country’s call, and with apprehension 
of irreparable losses to science — 

Moseley’s fame securely rests on his fine series of investigations, and 
his remarkable record of four brief years’ investigation led those who 
knew him best to prophesy for him a brilliant scientific career. There 
can be no doubt that his proof that the properties of an element are 
defined by its atomic number is a discovery of great and far-reaching 
importance, both on the theoretical and experimental side, and is likely 
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to Stand out as one of the great landmarks in the growth of our know- 
ledge of the constitution of atoms. 

It is a national tragedy that our miUtary organisation at the start was 
so inelastic as to be unable, with a few exceptions, to utilise the offers of 
services of our scientific men except as combatants in the firing line. 
Our regret for the untimely death of Moseley is all the more poignant 
because we recognise that his services would have been far more useful 
to his country in one of the numerous fields of scientific inquiry 
rendered necessary by the war than by the exposure to the chances of a 
Turkish bullet. 

H. G. Moseley would have been soon elected a Fellow of the Royal 
Society. An obituary notice of him written by Rutherford appeared 
in the Proceedings (A, 1917, 93, p. 22). 

Moseley’s mother had been a widow and had married again Mr 
W. J. SoUas. After her son’s death she wrote to Rutherford that her 
son had made a will on active service, leaving all to the Royal Society 
for the encouragement of scientific research work. This legacy was 
further increased by his mother’s gift of an additional 10,000, so that 
the Moseley Fund endows two Research Studentships, each of the 
value of £350 a year. 

Lord Fisher on his retirement from the post of First Sea Lord was 
appointed President of the Admiralty Board of Invention and Research. 
There were several departments — one dealing with submarines, mines 
and searchlights, on which served the Duke of Buccleuch, W. H. Bragg, 
DuddeU, Glazebrook, Merz and Rutherford. 

It soon became apparent that submarines were a deadly menace 
and required special methods to counteract their offensive. 

Rutherford speedily turned his large basement laboratory at Man- 
chester into a suitable research room with a large tank, where all known 
devices for listening to submarines were tested and new schemes quickly 
evolved. 

These were sent to be tested at Hawkeraig where the Admiralty 
had a station under Captain Ryan. Co-operation proved difficult — 
even W. H. Bragg, when appointed there, found conditions impossible — 
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SO a separate anti-submarine station was started at Parkeston Quay near 
Harwich, where Sir Reginald Tyrwhitt had his adventurous fleet of 
cruisen, destroyers and submarines. 

It was quite important to know what kind of noise a submarine made 
under water and what, if any, was its fundamental note or pitch. 
Now Sir Richard Paget has a marvellous ear for music and can name 
the pitch of a note with precision. So Rutherford and Paget went out 
in a boat on the Firth of Forth and listened to a submarine told off 
for the purpose. Paget’s head was under water, while Rutherford held 
him up by the heels. Paget emerged and named the pitch. Rutherford 
used to tell this story with gusto, and add: “Tm not so sure now, 
whether I shouldn’t have let go!” 

RUTHERFORD TO HIS MOTHER 

18 Au£. 1915. I went down to London for two days to attend the 
meetings of the Inventions Board under Lord Fisher. We have settled 
down to work and I am on the committee that deals with submarine 
problems. We heard last night of the submarining of a troopship in 
the Aegean with the loss of a 1000 lives. 

1 8 Dec. 1915. I am very busy with experimental work for the Admiralty. 
I think I told you of my recent visit to Edinburgh where I spent three 
days hard at work on a converted ‘trawler’ trying experiments and I 
expect to go up again shordy. 

In spite of war activities there was time available for a variety of 
scientific interests as indicated in the following letters: 

RUTHERFORD TO BOLTWOOD 

14 Sept. 1915. The British Association at Manchester passed off very 
well and all the sections were as good if not better than usual. The Physics 
section met in my laboratory and we had very good discussions on 
isotopes, classification of the stars and thermionics. Weiss of magneton 
fame was here and gave an address and Bragg gave a report on crystal 
work. You will remember that Schuster was President. A small section 
of the Press attacked him with having a German name, but fortunately 

there was no disturbance in Manchester He got news the same day 

that his boy was wounded in the Dardanelles .... 
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In this second year of the War Rutherford was planning hopeftilly 
for the future: 

RUTHERFORD TO SCHUSTER 

4 OcU 1915. I have received your letter of the 24th, and thank you for 
your suggestions. I enclose herewith a statement of a line of research 
I wish to take up, which would require more funds than the University 
can provide. 

I have been exceedingly busy recently with my work on the Board of 
Inventions, and have been travelling up and down the country a good 
deal. I am hoping to get quite a big scheme of scientific work started 
under the Admiralty, and have been very busy myself making experi- 
ments. My chief business deals with the acoustic detection ofsubmarines, 
on which a good deal of work has already been done, and I am very 
hopeful that we can push the matter further. If we prove at all successful, 
I think it will mean the practical elimination of the submarine as a serious 
factor in modem warfare. 

I am going down to London to-night, and I shall be very busy this 
week starting up University work again. A large number of New 
Zealanders have recently come to Manchester from the Dardanelles, 
and my wife is very much occupied in looking after their comfort. 

Everybody seems very pleased with the success of the B.A. Meeting 
here. I think, considering the conditions, it went off remarkably well. 

If you have any suggestions to make about my application, please 
drop me a line. * 

One of the more important undertakings was Sound-Ranging in 
France, whereby enemy guns were located with remarkable precision 
and then quickly received the attention of coimter-batteries. The sound 
wave in air due to the explosion of a heavy gun would cool a very fine 
wire and alter its resistance ; a connection by wires to a distant Eindhoven 
string galvanometer recorded a change of electric current and this was 
photographed on a moving film. Similar records came to the galvano- 
meter firom other fine wire microphones, distributed in a fan-shape, 
and the time differences enabled the position of a gun to be fiixed within 
a few feet. Th« technical head of the sound-ranging was Major W. L. 
Bragg, who in the previous year had shared a Nobel Prize with his 
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father, W. H. Bragg, for their remarkable work in connection with 
X-rays and their reflections from crystals. W. L. Bragg was ably 
supported by J. A. Gray, H. L. Cooke, C. G. Darwin, H. Robinson, 
A. S. Russell, E. N. da C. Andrade, J. West and others. 

Rutherford tried to get scientific men into such positions as would 
be most beneficial to the successful progress of the War. Unfortunately 
J. Chadwick was working with Geiger in Berlin when the War broke 
out and he had the misfortune to be interned at Ruhleben for the whole 


duration of the War. With two others he fixed up a little laboratory, 
with a very sensitive string galvanometer, and they conducted experi- 
ments on radioactivity as German prisoners. Chadwick wrote (14 Sept. 
1915) from Ruhleben: “I was in the middle of the experiments on beta 
rays when the war broke out**, and he reported that Geiger and Hahn 
were still all right. 

A. B. Wood, who saw much of Rutherford in connection with the 
anti-submarine work, has written: 


It might have been supposed that a man like Rutherford could not 
easily ‘switch over* from atoms to submarines. No doubt such a change 
required a great effort on his part, but he was equal to it, and tackled the 
problem with his customary energy. He studied under-water acoustics, 
about which litde was known, in a special tank he had constructed on 
the ground floor of his laboratory at Manchester. His early work in this 
laboratory with Broca tubes, diaphragms, microphones and various 
under-water senders and receivers demanded tests under service con- 
ditions. From November, 1915, onwards, a constant stream of ideas 
and instruments was sent to the sea research Station at Hawkeraig, 
Aberdour, to be tested on trawlers and submarines. At the same time 
he continued his university work and made frequent visits to London 
for meetings of the Board of Invention and Research. He particularly 
enjoyed his visits to Aberdour, where the sea air and work on ships 
acted like a tonic. When he took a few days* rest, after six months* 
work, he was followed by a deluge of letters from the Board. Professor 
W. H. Bragg took»charge of the Station at Hawkeraig and Rutherford 
was a frequent and very welcome visitor. He was always brimming 
over with suggestions, and sometimes impatient with dilays in obtaining 
ships for his experiments. 
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One of the first hydrophones evolved was a bronze plate fixed in 
a heavy bronze ring, and in the middle of the plate was a microphone 
connected by wires to head-phones, through amplifien which had 
recently been evolved and improved. The noise of a submarine cruising 
under water could be heard from a considerable distance, because water 
is so good a conductor of sound. In wind and stormy weather, on 
a ship moving through the water, hstening became difficult because 
of the background of other noises. The original hydrophone could 
receive but little sound when ‘edge on*, but the maximum reception 
was when either face of the hydrophone pointed to the submarine. The 
Admiralty declared this to be useless, because the hunting trawler 
could not tell if it was moving towards or away from the hidden 
submarine. Therefore a screen was made to cut off the sound from one 


face only of the hydrophone, which thus became a uni-directional 
instrument well suited to submarine hunting. The first and best type 
was a hand-made round flat piece of wood, covered with lead, called a 
‘ baffle plate *. On production in bulk these were found not to work, and 
Hopwood devised a shot-filled cavity in a xylonite baffle-plate which 
was ultimately accepted and used in large quantities. The delay between 
discovery and successful manufacture in bulk was a great surprise and 
annoyance to Rutherford, particularly as it occurred at the time when 
the submarine menace was at its height, threatening the food supplies 
of Great Britain and the communications with the armies in France 


and elsewhere. As Wellington said of Waterloo : “It has been a damned 
nice thing — the nearest run thing you ever saw in your life.” 

Finally it was possible to build and buy ships faster than the enemy 
could sink them and, coupled with the convoy system and more rapid 
destruction of submarines, a solution of the problem was found, although 
it was a poor solution, involving great loss of life and of wealth. 


W. H. BRAGG TO RUTHERFORD 

17 July 1916. The diaphragms have come and I am very grateful to you 
for taking so much trouble about them. We are trying them now. 
There has been a new development in connection with these things. 
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A$ you know, when a screen is placed on one side of the instrument and 
at the proper position, there is a very strong bias in its indications. It 
gives a very loud sound opposite to the unscreened side and a very Ktde 
on the other. Also very Uttle sideways. The general opinion now is that 
this bias instrument is the most useful of all. It reads by the maximum, 
although the maximum is not so sharp as the minima are on the simple 
instrument. Paget, Ryan and I had a trial to test this point on Saturday 
morning, and were exceedingly pleased with the result. We feel sure 
that we have now got a really satisfactory solution of the question. Ryan 
says that this instrument is the only good direction finder there is, and 
that he is sure that he could catch any submarine with it that ventured 
into the Firth. 

There is a tremendous rush on them at the Admiralty, and we 
understand that an order for 1000 Ustening instruments is very probable. 
A fair proportion of these will be directional instruments. 

We are being pressed to send up final specifications and have sent in 
something, asking only for freedom to design the screen so that it shall 
be more robust than it is in its present form. 

Our best instrument has a diaphragm cut out of rolled sheet brass 
with no rim to it. There is a separate clamping rim. I do not say that 
this shows that sheet is better than the turned diaphragms but it shows 
that they can be made of sheet if required. 

Paget has been here a week and we hope he can stay another. Duddell 
is here too for two days. 


Towards the end of the War, Capt. Ryan, R.N., did indeed put out 
to sea with the avowed purpose of sinking a German submarine, using 
a uni-directional hydrophone as detector and a towed underwater mine 
for demohtion. He used the explosive paravane invented by Capt. 
C. D. Burney, R.N. He was successful! Some said it was a ‘fluke'; 
but that cannot be the case when the intention and method were both 
specified in advance. 

On 7 Feb. 1916, Rutherford was speaking at the New Islington PubUc 
Hall on ‘Radiations from Radium'. He said that scientists wanted to 
ascertain how they could release at will the intrinsic energy contained 
in radium and utilise it for our own purposes It had to be borne in 
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mind that in releasing such energy at such a rate as we might desire, 
it would be possible from one pound of the material to obtain as much 
energy practically as from one hundred million pounds of coal. For- 
tunately at the present time we had not found out a method of so 
dealing with these forces, and personally he was very hopeful that we 
should not discover it until Man was Hving at peace with his neighbours. 

In 1916 the British Association, which was overshadowed by greater 
events during the War, met at Newcastle-on-Tyne. Eddington dis- 
cussed Einstein’s relativity theory of gravitation, while Rutherford 
spoke on the X-ray spectra of the elements and referred to the work 
of Siegbahn, who was carrying on the work of Moseley to the elements 
of high atomic weight from gold to uranium, using the L spectra. 

It must be remembered that the Hydrophone Service had been estab- 
lished at Hawkeraig before the Board of Invention and Research began 
to do experimental research there. The transfer of the B.I.R. Station 
to Harwich was made after very thorough discussion between A. J. 
Balfour, Sir John Jellicoe and W. H. Bragg, who wished to get into 
close touch with the men who actually had to listen for submarines 
on the North Sea, then the chief seat of danger. The Senior Naval 
Officer at Harwich and the Captain in charge of submarines welcomed 
the B.I.R. Station to Harwich, and the change had the approval of 
Lord Fisher. 


Rutherford wrote in November 1916 that he had become very 
interested in the question of diaphragms for hydrophones and that there 
was much important work to be done in clearing up various points. In 
particular, however much alike a man strives to make microphones they 
are always different, each one responding well to some band of sound 
frequencies. To get the best results for a hydrophone it is necessary to 
select or alter a diaphragm so as to be in tune whth the microphone; 
the revene cannot be done. 


At this time too Rutherford was corresponding with C. H. Merz 
about a depth recorder to be fixed in a mine; how to record the flow 
of water at difl^ent depths; the pressure on cables exposed to tidal or 
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other current flow. All such small but important investigations, so 
necessary for ultimate success, are apt to be overlooked; improvisation 
is impossible, they demand patient and careful work which consume 
time and energy. 

W. H. BRAGG TO RUTHERFORD 

About 1916. Thanks awfully for your offer to help. I will call on you 
with great willingness when the need arises, you may be sure of that. 

I went up to the Enfield reservoir the other day to try the Rayleigh 
effect and got it all right. I had two small Brocas, one for each car. The 
sound seems to shift over from one ear to the other. Sometimes it would 
persist in going the wrong way, and then it would right itself again. 
I am having a more solid set made to try at sea. 

I wrote to Hall at some length after visiting Harwich. I got a long 
and quite friendly letter back expressing, however, the greatest surprise 
at our choice of Harwich, as being a place where deep waters were only 
to be had at the risk of Fritz’s mines; and a rotten place anyway. I tried 
to explain that we had done enough of deep water experiments and that 
anyhow we could run a subsection at Blyth or Plymouth. What we 
want is to get in close touch with the people actually using listening 
apparatus. I hope we shall be able to make at Harwich the comparative 
experiments we want. Hopwood and Gerrard have gone down to 
Harwich to try. 

Hall made one very interesting remark. He said “The issue is clear, 
we want a listening device for use up to 8 knots for a trawler or similar 
ship — the rest is the matter of dropping a depth charge.” 

I have written him to say we have practically got what he wants. We 
cannot make a listener which will tow at 8 knots ; but we can stop a boat, 
listen, get the direction, and start off again. We can do this with a boat 
that is too shallow to torpedo, and can carry enough offence and defence 
to make a submarine go under. The speed might even average 8 knots; 
certainly it would be far higher than the average underwater speed of 
a submarine. 

When the United States came into the War in 1917, it was decided 
to send a Franco-British Commission to acquaint the American scicn- 
tifle men with all that had been discovered and developed in the and- 
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submarine campaign in Europe, so as to save waste of time and useless 
repetition of effort. This Commission consisted of Sir Ernest Rutherford, 
Com. Bridge, R.N., Com. Fabry (Univ. of Marseilles), M. Henri 
Abraham (Univ. of Paris), Capt. de Grammant, Capt. Dupoing, and 
Lieut. Petemo. Rutherford went with Bridge to Paris to make pre- 
liminary arrangements and this is the account that he wrote to Lady 
Rutherford: 


Paris: i8 May 1917. I sent a p.c. from Havre to Eileen Thursday morning 
and a telegram to you on my arrival in Paris in the afternoon. We had 
a great passage, docking about 6 — after getting up at 5 for a light 
breakfast. With the aid of my Admiralty papers I got through the 
passports and baggage exam, quickly and found a motorcar waiting to 
take me from the boat to the station, driven by a soldier. We left about 
7.30 and found the country very beautiful with spring foliage. I had 
fairly pleasant company in the train and had lunch in the restaurant 
car about ii, plenty of a rather dark bread, sugar in galore and some 
mutton, an omelette and cheese — so I did not fare so badly. I put up 
at the hotel de France, St Choiseul, Rue St Honor^ — a quiet pleasant 
hotel which has few visitors at the moment. Bridge called and I saw 
some of the French Board of Invention and Research, including Perrin 
with whom I went to tea. It was Ascension Day, a religious holiday and 
nearly all the shops were closed. Bridge introduced me to an American, 
Lewis, staying at my hotel and we had dinner together here and went 
out to Gaumont picture palace later, a good show, and we walked back 
retiring about 12. This morning Bridge and I had arranged to see special 
experiments at 9, but it was put off as the apparatus was out of gear. 
I am spending the morning preparing for a lecture this afternoon before 
the French B.I.R 

About 12.30 a taxi driven by a soldier turned up in which were Perrin, 
Langevin, Mme Curie and Debieme, who took me to lunch and treated 
me in Royal fashion. We then went to the Ministry of Inventions and 
I gave a talk on submarine matters for half an hour followed by 
Commander Bridge, and there was some discussion. There I met Profs. 
Ames and Reed both of whom I knew in America, also Profs. Abraham 
and Fabry, who go with us to U.S.A. I then went with Langevin and 
Mme Curie to her Lab. (new) which I saw and also some experiments 
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of Langevin. Mme Curie gave me some Lab. tea. She is looking rather 
grey and worn and tired. She is very much occupied with radiology 
work, both direct and for training others. Langevin was leaving that 
evening for Toulon, so I came back to my hotel and labelled my luggage. 
I went to dinner with Ames at the Hotel Crillon where Haig, Lloyd 
George and Co. stay on their visits to Paris. We had a very pleasant 
evening and I met a well known flying officer who told us a good deal 
about his views of the aviation question, and the difficulties of France in 
this connection and their hope for American help. Tomorrow I break- 
fast at 6.30 and go to the train at 7.30 to meet Bridge en route for 
Bordeaux. Altogether I have had a very pleasant stay here and enjoyed 
myself. Au revoir. 


RUTHERFORD TO HIS WIFE 

I June 1917. Just a short note on a very busy day to say we are now in 
Washington hard at work. We spent the first evening in New York 
and were given a dinner party in the University Club by Dr Pupin and 
met a number of scientific men engaged in submarine question. I 
travelled down to Washington with Dr Pupin and am staying with the 
French Mission in the Powhatan hotel, not much of an hotel, but 
Washington is so crowded that it is difficult to get a room. We were 
met by Hale, Millikan and others, and I spent the evening with them. 
Yesterday we paid our official call on the Secretary for War — ^Baker — 
and the Secretary for the Navy — ^Daniels. We then dined in a bunch 
at the Army and Navy Club and called during the afternoon on the 
French Ambassador—- Jusserand, where we were received very poHtely 
and given tea. In the evening Bridge, Fabry and I went to dinner with 
the Hales and had a very pleasant evening turning in at 12.30 and slept 
like a top imder a sheet for the weather here is pretty warm. I was 
surprised to meet Loeb on my arrival and we had a chat here yesterday 
before he returned to New York. Dr Taylor is also here in the Food 
Commission and I saw him yesterday. Bridge and I go to dinner with 
him this evening to meet Hoover, the Food Controller here, formerly 
American Representative in feeding Belgium. Today we had a great 
meeting, discussing phases of the submarine question with the American 
committees — ^five hours in all today, and more tomorrow. I took a 
prominent part in the question so have had a full and rather tiring day 
as the weather has been distinctly warm. Tomorrow we dine with 
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M. Tardieu — ^thc French Commissioner — and on Monday there is an 
official dinner given by Hale. 

Our plans are not yet settled but probably we shall go next week to 
Nahant (?) near Boston to see some American experiments. I have so 
far not heard from you but hope to before long. Am fit and well and 
having a very interesting time. I think we shall do very good work 
here and I am very glad I decided to come over. Have seen a good deal 
of Millikan and Hale and others of my friends. Love to Eileen. 

4 June 1917. Just another line to record further movements. We had 
a long all day committee on Saturday and went to dinner with Hale to 
meet Hoover the American Food Controller, a most interesting man. 
We hope next Sunday, i.e. Bridge and I, to go with Taylor on a motor 
excursion to the site of the batde of Gettysburg and are looking 
forward to the trip. We had breakfast in pyjamas on Sunday morning 
— grapefruit and tea — and then discussed matters of organization with 
Millikan and Co. At 12 we called on the British Ambassador, Spring 
Rice of Stockholm, you remember, and talked with him for an hour. 
We go to limcheon there on Tuesday after a meeting with Fabry and 
Co. I saw Law, an English correspondent here, whom I travelled with 
in the Cedric many years ago, and then went in to Hale to discuss general 
matters with him. Today we pay special calls and go in the afternoon 
to the Bureau of Standards. Hale gives a formal dinner to the Commis- 
sion in the evening, at which the French and British Ambassadors are 
to be present. The weather is getting pretty warm but I sleep well in 
pyjamas without a sheet and generally my constitution stands well the 
strain of so many lunches and dinners. Have not received any letters 
from England but hope you are all well. 

5 June 1917. I wrote last Sunday so I feel very virtuous. The hour is 
II p.m. and I am writing in my room in pyjamas to keep cool for the 
weather is very steamy. After I wrote on Sunday we went to call on 
the British Ambassador — Spring Rice — at 12 and spent half an hour with 
him. We had lunch with the French party at i and went in the afternoon 
to see Hale at his house. He had been rather ill for a day or so and he 
received us in pyjamas lying on a sofa. At 7.30 we dined at our hotel 
with an English officer Commander Mock who is here on special business 
for the Admiralty, and afterwards went to a local music hall for an hour 
or so. A sailor from the Fleet sang some excellent songs; it was a good 
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deal like our doings during the £rst month of war. On Monday 
morning we paid further official calk and lunched at the Cosmos Club 
with Prof. Stratton. I met there a number of old scientific friends. 
Monday evening was the main official dinner given by Hale. The French 
and English Ambassadors were present and all the Secretaries of the 
Government, so it was a highly social function about forty-one in 
number. I had to speak last and I beUevc was quite effective for the job 
I was asked to do. We got to bed at 1.30 and I felt pretty weary this 
morning but had a long meeting with admirals, scientific and naval and 
military men and had to speak for three parts of an hour. I felt very 
sleepy and tired but we had three hours of it in all. I was bored stiff* by 
the last hour which was very uninteresting. I tried to get a little rest 
this afternoon, but with no success, for the telephone bell summoned 
me to another interview and further work. This evening I had dinner 
quietly with Bridge and retired to my room afterwards to rest. We 
have many more meetings this week and dinner at the French Ambas- 
sador’s on Saturday, also a quiet and informal lunch at our Embassy 

today — Lady Spring Rice was there and their two children 

Next week we go to the Experimental Station north of Boston for a 
few days and our plans after that are indefinite so far. I think our 
Mission is regarded as the best informed one that has come to U.S.A. 
We have certainly had a fine series of meetings and told all we know. 
Our hotel is filled with Southern Veterans of the Civil War — ^in uniform 
of blue grey — and all between 70 and 80 — a rather pathetic sight, but 
most of them look pretty wiry and active. There is to be a big parade 
on Thursday and tonight there is a dance for the younger people at our 
hotel. Well, I feel a bit weary so au revoir with much love to you both. 


Ritz Carlton Hotel, New York: 12 June 1917. This is a short note at 9 in 
the morning before leaving for Boston. Since writing to you last we 
were kept very busy in Washington with general interviews and 
meetings. On Friday night we gave a dinner to our Washington friends 
and included two of the French party, also Dr Taylor and Owens, 
formerly of McGill, also Professor Webster. We had a pleasant evening, 
Owens is here in uniform — a captain in the Signal Corps — ^and is looking 
very fit and well. Qn Saturday we dined with the French Ambassador. 
The English Ambassador and others were there and it was quite a 
pleasant function. On Simday we went out with Dr Taylor, Captain 
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Lennard and Admiral Taylor on a motor trip through the Blue Moun- 
tains round by Harper’s Ferry and other points of interest in the Civil 
War. We went 220 miles in all and got back at 9 o’clock after a very 
interesting day, but very tired. After dinner we packed and left by 
midnight sleeper to New York. Yesterday I visited the Western 
Electric Coy., and saw there W. Wilson, one of my Manchester research 
students. Today we go on to Boston to see some experiments and return 
to Washington Wednesday night where I shall again stay a few days. 
Bridge retmms to England on Saturday, but I shall stay a fortnight or so 
more as there is still a great deal to do. 

Fairly fit and well considering our late hours and continuous talking. 
With much love to you and Eileen. 

23 June 1917. I have just written to Eileen but will not repeat the news 
in her letter. I have had altogether a very busy time since I arrived. I left 
Washington last Monday night and proceeded to New York; on 
Tuesday morning we visited the works of Sperry and dined with them. 
That same afternoon I went to New Haven to stay with the Bumsteads 
and to get an Honorary Degree next day. They were very good and 
kind to me and I met a number of my old friends including Boltwood, 
Zeleny, Taylor, Kovarik and Professor Nichols. Boltwood has changed 
over his views completely and is now busy working on anti-submarine 
devices. On Tuesday we motored over to New London to see the 
submarine base and had dinner witli the Zelcnys. On Friday morning 
I returned to New York and visited Edison and his works at Orange in 
the afternoon where I had a most interesting time and was received very 
well by the old man, who was as enthusiastic as a schoolboy over his 
ideas. Last night I dined with Major Carty of the American Telephone 
Coy., a very able man who has much influence and interest in scientific 
work in this country. This morning I went down town to arrange 
sailings. I shall be leaving about a week from now by a direct line and 
you may expect to see me in Manchester not later than the loth, if I get 
off by the boat I find is likely to go. 

Tonight I go by steamer to Albany and spend Simday to Tuesday 
with the people of the General Electric Coy., Schenectady. Then on to 
Montreal on Tuesday and back on Thursday to New York possibly 
sailing on Saturday or Sunday. It is very warm weather here and I find 
it difficult to keep cool. I have had to buy a few more shirts and under- 
clothes to fill out the intervals of the laundry. 
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RUTHERFORD TO HIS MOTHER 

New York: 29 June 1917. Since I landed I have had a very busy time 
discussing and explaining the submarine situation to a number of naval 
and scientific men. We came at the psychological moment as they had 
already begun work but were very uncertain what had been done in 
England and France. We paid a visit to Boston to see some of the work 
in progress. I paid visits to a number of scientific works and men — 
including Edison. I then went to stay at Yale University. They awarded 
me an honorary D. Sc. and I attended for the degree function. I walked in 
the procession with the late President of the U.S., William Taft, who 
afterwards spoke at the luncheon. Other men who got the honorary 
degree were Paderewski, Herrick (formerly American Ambassador at 
Paris) and Tardieu, the French High Commissioner whom I met in 
Washington. 

Next day we took a motor trip of over 100 miles to New London to 
see a submarine station. I then took a river trip up to Albany and spent 
a couple of days looking over the electrical works at Schenectady, the 
greatest in the country. 

From there I went on to Montreal partly on business and pleasure and 
stayed at the University Club. I found that Sir William Macdonald, 
the benefactor of McGill, had died about a fortnight before. I returned 
to New York this morning and visited the Western Electrical Company. 
America is very anxious to get going in the war and things look well. 

A letter came to Rutherford from his mother written at New 
Plymouth, New Zealand, on 29 July 1917: 

Your Father and I were very glad to receive a letter from you yesterday 
written from the Ritz Carlton Hotel, New York, on June 29th. The 
account of your journey over, meetings with friends, introductions to 
other eminent scientists and discoverers including Edison, your work 
in Washington and the evident appreciation of your efforts to help do 
your bit, as shown by their awarding you an honorary D.Sc., degree, 
made pleasant reading for proud parents, for though your Father does 

not say much, he is glad and proud of the distinctions won by you 

You cannot fail to know how glad and thankful I feel that God has 
blessed and crowned your genius and efforts with success. That you 
may rise to greater heights of fame and live near to God like Lord 
Kelvin is my earnest wish and prayer. . .. 
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When Rutherford sailed from New York to Liverpool in 1917 there 
were many young United States marines on board coming to join in 
the anti-submarine campaign. They had a goat as mascot. One night 
in mid-ocean Rutherford found the animal asleep under his berth and, 
annoyed, rang for the Steward, who said: “It*s quite all right, Sir, he*s 
slept there every night so far ! ** 

On 5 April 1918, Rutherford gave the first annual lecture, founded 
by the Rontgen Society, in memory of its first President, Prof. Silvanus 
P. Thompson, a man who combined the best qualities of physicist and 
engineer, who wrote an early text-book on Electricity and Magnetism, 
perhaps better than any that have appeared before or since. 

I have been very interested to read again Professor S. P. Thompson’s 
first presidential address before the Rontgen Society, which gives a very 
realistic account of the discovery of X rays and the general idea of their 
nature and origin at that time. Natural prominence is given to the 
medical application of the X rays for the advancement of which this 
Society was founded. But it was difficult then to foresee the great field 
of usefulness to Medicine that has since been opened up by this dis- 
covery Undoubtedly the discovery of this new type of radiation 

marks the beginning of a new epoch of science which has resulted in a 
revolution of our ideas almost as marked as that produced by the theory 
of evolution in Biology, It is a period of pioneer advance over a new 
and fertile territory with the almost daily discovery of new and interesting 
facts and the gradual unfolding and development of new and bold 
scientific ideas. The two decades, 1895 to 1915, will always be recognised 
as a period of remarkable scientific activity which has no counterpart 
in the history of Physical Science. The writer had the good fortime to 
begin his researches in the Cavendish Laboratory in October, 1895, and 
has lived through the exciting scientific period when progress has been 
so rapid that it has been difficult for the scientific worker to keep abreast 
even of the advances in his own particular period, much less with the 
whole field of advance. While it has been to some extent a time of 
speculation, yet it has not been as a whole a time of rash speculation, 
for the main ideas which governed the advance have been shown to 
have a solid foundation in fact and the resulting theories have been 
exceedingly simple, though very fundamental. 
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Three new lines of advance were promptly opened up as an immediate 
consequence, namely, (i) the discovery of radioactive bodies, (2) the 
discovery of the electron, (3) the ionisation of gases by X-rays. 


He then referred to the work of Henri Becquerel who tried the effect 
on a photographic plate of a special salt of uranium and potassium — 
a fluorescent substance. 

We now know that the photographic action obtained was mainly due 
to beta rays and not to X-rays at all, but this observation on the radiating 
power of uranium has opened up the new science of radioactivity which 
has had such an extraordinarily rapid development. Soon after followed 
the brilliant discovery of polonium and radium by the Curies, in which 
the radioactive property was so powerful in its effects that it was 
difficult to explain it away. 


The rest of the lecture was largely devoted to a discussion of radio- 
chemistry and isotopes, and to the remarkable fact that radium B, D, G, 
thorium B and D, actinium B and D, arc all chemically identical with 
common lead. 


CHADWICK TO RUTHERFORD 

24 May 1918. We are now working, or rather about to work, on the 
formation of carbonyl chloride in light — The greatest diffculty is to 

obtain a reasonable source of light The whole thing (photochemical 

reaction) is really extraordinarily fascinating I have been working 

too much recently, so I shall take a little exercise this summer. I shall 
probably play tennis. A game doesn’t last very long and can be made 
fairly vigorous. Four long and dull years have given us a decided 
preference for the short and merry type of life. Within the last few 
months I have visited Rubens, Nernst and Warburg. They were 
extremely willing to help and offered to lend us anything they could. 
In fact all kinds of people lend us apparatus. 

RUTHERFORD TO HIS MOTHER 

3 Nov, 1918. I have been on a special journey to Paris on Admiralty' 
business. Four Admiralty representatives, including a Naval offeer, 
travelled together. We crossed over in the regular boats used by soldiers 
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on leave and they were crowded with Tommies and officers. Everyone 
had to wear a lifebelt. Three to four fairly swift boats leave together and 
are escorted by destroyers and airships (dirigibles), the journey taking 
about i\ hours. We held meetings on Saturday to Tuesday on a 
submarine problem. It was an international congress and America and 
Italy were each represented by four delegates while the French had eight 
officials of various kinds. My old friend Langevin was one of the chief 
scientific men on the French side while I represented the English 
delegation. The French were in very good spirits. The Place de la 
Concorde (where the old guillotine used to work) was fiUed with a 
great number of captured German guns and there was always a big 
crowd looking at them. The statue of the City of Lille was decorated 
with wreaths of flowers as I was there only a few days after its liberation. 

It really looks as if the war is nearing its end. Turkey went yesterday 
and probably Austria to-morrow — and Germany is likely to follow 
before Christmas. It is a very exciting time to hve in but people here 
are very quiet and refrain from celebrations till our main enemy goes 
under. 


After the Armistice there followed a difficult period of reorganisation, 
which began to bear fruit in the following year. 

BOHR TO RUTHERFORD 

24 Nov. 1918. I need not tell you how often our tlioughts in these days 
have gone to all our friends in England and how great a part we take in 
all the joy and happiness which everybody there must feel in the great 
result with which the enormous efforts in the critical years have been 
achieved. Here in Denmark we are of course most thankful for the 
possibility which the defeat of German militarism has opened for us to 
acquire the old Danish part of Slesvig, and at the same time we feel an 
immense relief now the war is finished. All here are convinced that 
there can never more be a war in Europe of such dimensions; all the 
people have learnt so much from this dreadful lesson, and even here in 
these small Scandinavian countries, where, for good reasons, there 
certainly was not much aggressive military spirit before the war, people 
have got to look quite differendy than before at the military side of life. 
From all that we hear, we feel also quite sure that the men now in power 
in Germany take a real peaceful attitude, not for the occasion and not 
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because they have always done so, but because all liberal-minded people 
in the world seem to have understood the unsoundness of the principles 
on which international politics has hitherto been carried on. If therefore 
only there will not become anarchy in Germany due to the great need 
and poverty at the present moment, this time may certainly be looked 
upon as the beginning of a new era in history. 

How I am longing to be in England now and to be able to talk with 
you about all sorts of things. I remember, as if it were yesterday, all the 
times I sat in your study and you developed for me your views on the 
different phases up and down through which the war went, and how 
your unflinching belief in a happy end was always able to comfort me, 
however downhearted I could feel myself at times. Dear Prof Ruther- 
ford this letter is only meant as a greeting in these eventful days, but 
very soon I shall write and tell about my work. I feel how happy you 
must be now again to be able to work in the laboratory as in old days, 
after in these long years to have given so much of your time to the great 
result now achieved, and I am longing so much to hear how the im- 
portant investigations you told me about are progressing. I am sorry 
not to have written for so long, but I have had very much to do in the 
last months and it has therefore taken more time than I had expected 
with the completing of the second part of my paper, which I had looked 
forward to be able to send you some time ago. Now it will be ready for 
the printing office in a few days, but has, I am afraid to your disapproval, 
become rather long (twice as long as Part I) ; my only excuse is, that 
I have really tried to put a great deal of work in it. As regard the external 
conditions for my work here I must still tell how very glad I am that the 
establishment of the small laboratory for experimental investigations in 
connection with modem work in theoretical physics is now secured by 
a permission from the Government to start the work on the building 
as soon as the detailed plans are ready from the hand of the architect. 
This splendid result is in the first place brought about through the 
extraordinary kindness and generosity of a local friend of mine, who 
by subscriptions from himself and his friends has collected a big sum of 
money (^4500) which has been put at the disposal of the University 
as a help in the expenditure with the building and its equipment. The 
laboratory will be situated at the outskirts of a beautiful park not far 
from the middle of the town, and we will ourselves come to live on the 
same ground. I look, of course, immensely forward to it, and we hope 
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already that it might suit you and Lady Rutherford to come to Copen« 
hagen and stay with us at the time for the festivals for the opening of the 
laboratory, which I hope will take place in about a year’s time from now. 

We are looking forward very much to come to England as soon as 
travelling is possible again and to sec you and all my friends in the lab. 
and elsewhere. 



CHAPTER X 


CAVENDISH PROFESSOR 

During his last year at Manchester, in spite of many calls on his time in 
connection with the University and War work, Rutherford had per- 
severed at some experiments of a fundamental nature. He had used 
the active deposit of radium and employed the energetic alpha particles 
projected by radium C to bombard nitrogen gas. He found that some- 
thing struck the fluorescent screen, which he was observing with 
a microscope, even when the screen was beyond the range of the alpha 
particles. He had carefully examined the nature of the strange particles 
and by long experiment proved that they were protons. Chadwick 
has written as follows:* 

In 1919 he was able to pubHsh the results of another epoch-making 
research, again made with alpha particles. In four papers published in 
the Philosophical Magazine, vol. 37, he proved conclusively that the 
long range particles earlier shown by Marsden to be produced when 
alpha particles were fired into hydrogen were in fact fast hydrogen 
nuclei, and he showed that identical particles were produced by the 
collisions of alpha particles with nitrogen. The explanation — that these 
protons were the result of the disruption, or ‘artificial disintegration’, 
of the normal stable nitrogen nucleus — was so revolutionary, and so 
pregnant with far-reaching impheations, that it clearly needed to be 
supported by very complete experimental evidence. Rutherford obtained 
the necessary support by an admirably designed series of control experi- 
ments. He did the whole of the experimental work, with Kay’s 
assistance in taking observations of scintillations. The further develop- 
ment of this work, and of its extension to other nuclei, belongs to the 
Cambridge period. 

Although the War was over, the whole world was passing through 
a most difficult peripd of reconstruction. Education, as well as industry, 

* Obituary notice of Lord Rutherford published by the Royal Society in January 
1938, p. 406. 
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suffered from the loss of many able men and those who returned to work 
were conscious of a certain decrease in their powers. 

It should be added that Rutherford and W. H. Bragg had taken out 
a patent for “Improvements in apparatus for detecting the direction 
of sound in Water”. This was done with the avowed intention of 
protecting the Admiralty, and after the War the patent was relinquished. 
Neither of the two men made money, directly or indirectly, for their 
valuable War services. 

The famous physical-chemist, Irving Langmuir, wrote to Rutherford 
(i8 March 1919) advocating the efficiency of the Lewis-Langmuir 
theory to account for the chemical properties of atoms in a way which 
the Bohr dynamical theory did not seem able to do, suited as the latter 
was for the explanation of spectral series. While admitting certain 
merits, this statical atom made no great appeal to Rutherford, and on 
a later occasion when Langmuir lectured at the Cavendish, Rutherford, 
in a light vein, twitted the lecturer on a scheme which seemed to resemble 
that of systematic botany. Nevertheless, there still remains the task of 
combining the good points of both theories. 

When Rutherford had first arrived at Manchester the Steward of 
the Physics Laboratory was Griffiths, and under him was Kay, who 
succeeded to the post which he still holds, always vigorous and efficient. 

Kay took his part in most of the important investigations by Ruther- 
ford and his research staff and students. In 1938 , 1 had a talk with Kay 
on those wonderful days and though he was enthusiastic about the 
research work, he laid more emphasis than others on Rutherford’s 
remarkable powers as a lecturer to first-year students. “The Professor ”, 
he said, “loved a good experiment, no matter how often he had seen 
it, and this enthusiasm spread to the students. He was not good from 
the point of view of examinations, but he told the students they were 
there to learn to think, not to remember, and that he had no belief in 
spoon feeding. The students understood him and loved him.” 

When Sir J. J. Thomson, finding the double duty of directing a great 
laboratory and a great college too much for one man’s strength, resigned 
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the Cavendish Chair of Experimental Physics at Cambridge, Rutherford 
was the obvious choice for his successor. 

On 7 March, he wrote to Sir J. J. Thomson: “If I decided to stand 
for the post, I feel that no advantages of the post could possibly com- 
pensate for any disturbance of our long continued friendship or for 
any possible friction, whether open or latent, that might possibly arise 
if we did not have a clear mutual understanding with regard to the 
Laboratory and Research Students. . 

To this he received a cordial reply: “lam very glad to find that you 
are still entertaining the possibiUty of coming to Cambridge as Professor. 
If you do, you will find that I shall leave you an absolutely free hand in 
the management of the Laboratory “ 

The negotiations for Rutherford’s appointment to the Cavendish 
Professorship were carried out with care and zeal by Sir Joseph Larmor 
and it was finally decided that Rutherford should also be Director of 
the Cavendish Laboratory. Sir J. J. Thomson was appointed Professor 
of Physics without stipend, with rooms and mechanics essential to the 
continuance of his research work. 

The Council of the University of Manchester expressed their regret 
at Rutherford’s resignation and congratulated him on his appointment 
to a position “which he will worthily fill as the successor of Maxwell, 
Rayleigh and Thomson’’. Many of his old friends wrote that they 
would miss him in Senate, smoking room and elsewhere. His welcome 
to Cambridge was no less emphatic. 

RUTHERFORD TO HIS MOTHER 

7 April 1919. You will have received the news that I have been elected 
to the Cavendish Chair of Physics held by Sir J. J. Thomson, who is now 
Master of Trinity. It was a difficult question to decide whether to leave 
Manchester as they have been very good to me, but I felt it probably 
best for me to come here, for after all it is the chief physics chair in the 
country and has turned out most of the physics professors of the last 
20 years. I was appointed on April 2 and technically take up office from 
that date, but as 1 must finish out the term’s work in Manchester, 
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Sir J. J. will be in charge and he is very pleased to do this for me. It will 
of course be a wrench pulling up my roots again and starting afresh to 
make new friends, but fortunately I know a good few people there 
already and will not be a stranger in Trinity College. The latter will 
no doubt offer me a Fellowship which will give me the rights of the 
College to dine there when I please. 


In April 1919, Sir J. J. Thomson wrote, as Master, to inform Rutherford 
that he had been unanimously elected a Fellow of Trinity and Rutherford 
was admitted to the Fellowship on 2 May. 

On one occasion Lady Rutherford, and her daughter Eileen, were 
visiting Cambridge, and found a rather derelict house and large garden 
which charmed them both. When Rutherford was appointed Cavendish 
Professor, Lady Rutherford eagerly revisited the house and found it 
still available. It was Newnham Cottage, Queen’s Road, the property 
of Caius College. A lease was signed, many improvements were made 
to the house and Lady Rutherford constandy improved the garden, 
which had a charming lawn under great trees and a mulberry tree at 
one end. There Rutherford lived from 1919 to his death in 1937. 

After more than four years of war it became possible to correspond 
with old friends on the other side, and Geiger wrote an admirable letter 
from Charlottenburg : 

18 May 1919. I take the first opportunity to write you a few lines just 
to say that I am well, up and at work again. I need hardly say that all 
that has happened these last four years has had no influence on my 
personal feeling to you and I hope, dear Prof. Rutherford, that you 
still take a litde interest in your old pupd who keeps his years in 
Manchester always in pleased memory. 

As you will have heard already, I have been in the field all the time of 
the war and I am grateful that I got safely through all the fights which 
many times have been severe enough. I came back middle of December, 
was at home at Christmas and began work again at the beginning of the 
year. Naturally, times at present arc not very pleasant and the general 
disorder and the trouble about one’s daily bread are rather depressing. 
It needs a lot of energy to do any work at all, but I hope my old interest 
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in radium will soon be back again. To freshen up my memory I am at 
present re-reading your book once more and feel that this helps me more 
than anything to regain my old pleasure in scientific work. So far as 
I have read the progress on radioactivity during war-time, no very 
striking discoveries seem to have been made. A research made in 
Vienna on the number of alpha particles from radium d6es not look 
very satisfactory and I can hardly see an improvement on our old work. 
You will perhaps remember that I started on a redeterminadon of the 
number just before the war began and I think I will go on with it now. 

It would please me very much indeed, if you should find time 
occasionally to write me a few lines and to let me know how things arc 
in Manchester. I send this letter through Cook & Son, Post Box 706, 
Amsterdam, at a suggestion of Chadwick. 


RUTHERFORD TO GEIGER 

14 June 1919. I received your letter and am very glad to know that you 
have come through the struggle all right and are back at the old work 
again. 

I have kept in touch as far as possible with my old researchers during 
the War and am glad to know most of them are safe and sound. The 
research men of the Laboratory here arc very scattered, but Robinson 
and Florance have returned to their teaching duties. The latter spent 
most of his time in India and Mesopotamia and had several attacks of 
malaria. Our greatest loss was Moseley who was killed in 1915 in 
Gallipoh. We are intending to erect a memorial tablet to him in the 
Laboratory. 

You will have heard that I go to take charge of the Cavendish 
Laboratory soon. J. J. T. is now Master of Trinity and is much occupied 
with general scientific work, but hopes to continue his researches in the 
Cavendish where he will have some rooms. 

We arc all feeling very rusty scientifically after the war, and it wiD 
be some years before we can get going properly, for apparatus is very 
dear and difficult to get. I think your experience is simil^ to everyone 
ahve who has been in science. Robinson is gradually regaining his 
interest in pure science again, but it takes time to get into the old 
swing. 

Marsden is now in New Zealand again. Russell is lecturer in Sheffield. 
I saw Bohr for a few days recently on his way to attend a conference in 
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Holland. His theories, as you know, are going strong. I hope you will 
take up the number of alpha particles again. 

Well, I retain my old friendly feeling for my old researchers and hope 
that we may meet again when things have setded down to a more 
normal footing, but it will obviously be some time before this will be 
possible. I shall be glad to hear from you. 

Early in June, Rutherford, who had received an honorary degree 
from Durham in the previous month, gave a Friday evening lecture at 
the Royal Institution on “Atomic Projectiles and their Collisions with 
Light Atoms’*. There he explained his discovery that alpha particles, 
bombarding nitrogen, drove out of the nitrogen atoms the quite different 
atoms of hydrogen, or rather the nuclei of hydrogen, known as protons. 
This was a startling result. True, the radioactive elements eject alpha 
particles, which are heHum nuclei; beta particles, which are electrons; 
gamma rays which are electromagnetic radiations like X-rays, tight 
and wireless waves. Nothing else comes from radio-elements. Now 
here was Rutherford declaring that he had knocked hydrogen out of 
nitrogen. It was a revolution ! 

One critic said that alpha particles could pick up an electron or two 
and so their range would be quadrupled, suggesting that Rutherford 
had discovered only alpha particles with longer ranges. But then 
Rutherford could not get a similar result with oxygen as for nitrogen. 
The critic justly added “the more epoch-making a discovery is, the 
more closely should all alternatives be examined’*. 

It need hardly be added that further experiments proved Rutherford 
to be right. He had actually driven hydrogen (protons) out of the 
nuclei of nitrogen, and in doing so he had quite unwittingly transmuted 
or transformed nitrogen into oxygen. In any case this was the first 
successful attempt by man in the deliberate transmutation of matter. 

Some newspapers missed the whole idea of Rutherford’s discovery by 
the heading ‘Nitrogen a Compound?* The point was that he had for 
the first time deliberately smashed up the nucleus of an atom. 

Rutherford was fortimate in seeing a capable and distinguished 
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successor appointed to his Chair in Manchester. W. L. Bragg had shared 
a Nobel Prize with his father for their discoveries relating to crystal 
structure by the help of X-rays, and of the nature of such radiation 
by the help of the crystals. His work on sound-ranging in France had 
not only impressed his technical colleagues but had received praises 
from the highest miUtary authorities at the Front, who fully appreciated 
its usefulness. W. L. Bragg turned rather longing eyes to research 
work in Cambridge and with some diffidence toward teaching, of 
which during the War there was but Httle experience. He faced and 
shouldered the burden, and the anticipated success awaited him. He 
wrote to Rutherford: 


12 May 1919. I would just like to tell you how proud I feel that I am 
succeeding you at Manchester. It is a tremendous honour for anyone 
who has still his spurs to win, and if I hesitated at all about coming it was 
because I naturally doubted my power to carry on your work. I do not 
think a more magnificent opportunity for work was ever oflfered to 
anyone in my position. 


In due course he was destined to succeed Rutherford at Cambridge. 

On 15 Aug. 1919, Mme Curie wrote to Rutherford discussing the 
best name to be given to radium emanation, which Ramsay had sug- 
gested should be called ‘niton’. Madame was rather in favour of 
‘radion^on*. Partly at the suggestion of Prof. Perrin, wiser counsels 
prevailed and the emanations of the three radioactive famihes were 
henceforward known as radon, thoron and actinon. 

When Rutherford became Cavendish Professor he found that Sir 
J. J. Thomson wished to retain his private laboratory and his invaluable 
assistant Everett, together with some rooms on the ground floor for 
a few research students, as well as some other advantages of the building 
with reference to workshop and assistants. The two men met and 
discussed the difficult situation; Rutherford then drafted a statement by 
way of an agreement. It was full of alterations, erasures, additions, all im- 
initialled ; it was a document which would make a lawyer weep, but there 
are the initials at the bottom, J. J. T., E. R. It was sufficient; it worked. 

18 
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Prof. C. D. Ellis has clearly recalled Rutherford’s early experiments 
at Cambridge: 

Soon after his arrival at Cambridge Rutherford found time to follow 
up vigorously the experiments on the artificial disintegration of the 
hght elements which he had started during the war period. In those days 
the experiments still involved only simple apparatus and were of the 
type Rutherford loved. A radio-active source provided the alpha 
particles, which fell on a foil of the material to be disintegrated, and the 
resulting protons, hitting a zinc sulphide screen, were detected by the 
scintillation method. The whole apparatus was contained in a small 
brass box and the scintillations were viewed with a microscope. I can 
well remember being surprised, in fact mildly shocked, that the apparatus 
was not more impressive, yet these experiments, so simple on the 
surface, required the highest experimental skill to make them yield 
dependable results. 

Counting the scintillations was difficult and tiring, and Rutherford 
usually had one or two of his research students to help him. The 
experiments started about four in the afternoon and we went into his 
laboratory to spend a preliminary half an hour in the dark to get our 
eyes into the sensitive state necessary for counting. Sitting there drinking 
tea, in the dim hght of a minute gas jet at the further end of the laboratory, 
we hstened to Rutherford talking of all things under the sun. It was 
curiously intimate but yet impersonal and all of it coloured by that 
characteristic of his of considering statements independently of the 
person who put them forward. 

In this simple apparatus contamination by radium emanation was 
avoided by blowing dry air through the tube T. The radioactive 
source R could be moved to or from the screen S, while the range of 
the ejected protons was measured by inserting thin mica plates before 
S. Nitrogen gave rise to protons of range 40 cm., aluminium 90 cm., 
while oxygen failed to produce any protons. The conclusion was 
inevitable. Alpha rays could disintegrate certain atoms and not others. 
Such disintegration meant the rupture of the atom and the inevitable 
result was transmutation. 
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The year 1920 was to Rutherford largely one of organisation and 
reconstruction. He had taken with him to the Cavendish the 250 mg. 
of radium lent to him before the War by the Vienna Institute of 
Radium. Many of his great results at Manchester had been attained 
with the help of this valuable material. He was fortunate in finding at 
the Cavendish a keen helper in F. W. Aston who had developed and 
improved the deflection of charged atoms by magnetic and electric 
fields, first used effectively by Sir J. J. Thomson. If, for example, there 




are two chlorine atoms of different masses, or weights, having the same 
electric charge and the same speed, they would be deflected unequally 
by a magnetic or electric field, and on arriving therefore at different 
places on the photographic plate would make two separate and distinct 
marks. In this way Aston found that there were two chlorine atoms 
of mass 35 and 37. He measured also their proportionate amounts, 
about two to one, whence the atomic weight, in this case 35*457, could 
be partly explained. The subsequent developments of this great method 
of investigation acted and reacted with the discoveries made by Ruther- 
ford and his co-workers. 


RUTHERFORD TO BOYLE 

I Jan. 1920. We are in our home in Cambridge but still share it with 
the workmen but we hope to have them out before long. It is New 
Year’s day and I have been exercising myself with C. Darwin in sawing 
up a big tree in the garden and so feel quite virtuous, after a good day’s 
work. Eileen has gone to a dance and I go to Trinity to dinner so there 
is a fair amount of activity in the household. My wife and I went the 
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Other day to visit the Schusters — ^now Sir Arthur — see the morning 
papers. I gathered he was hoping to get you back again in Admiralty 
work. Possibly you may have heard something about it. I understand 
Shandon is partially closing down and Captain Gill is leaving. You 
may have heard F. E. Smith is to take Mac's place at the Admiralty. 
Well, I have thoroughly enjoyed my stay in Cambridge. The Lab. has 
been crowded both with students and researchers but all has gone 
pleasantly and I hope efficiently. We are very short of room and must 
extend before long. I have been buying a good deal of apparatus to fill 
up gaps and have been cleaning up the place generally. I have got my 
own work going but find it an almost impossible job to get enough 
scintillations to settle the mass of the recoil atoms from N and O. The 
use of necessary shts cuts down the effect so much. You will have seen 
in Nature that Aston by a development of the positive ray method has 
found isotopes in neon (20, 22), chlorine (35, 37) and mercury. I have 
seen all the photographs and the results seem certain. Aston is a good 
experimenter and very skilful and he deserves this success for he has 
slogged away for many years. I can quite appreciate how hard it is to 
keep your teaching going but be sure to get enough freedom for your 
researches. 


Rutherford re-established relations with his old friend and admirer 
Stefan Meyer of the Radium Institute at Vienna, who drew a terrible 
picture of the state of Austria when the War ended. 

RUTHERFORD TO MEYER 

13 Jan. 1920. I would like to thank you for your kindness in sending me 
copies of the papers published in your Institute in war-time. I received 
them all safely and have read them with much interest. Your laboratory, 
I think, was the only one that kept work going steadily during the war. 
I was able to do a little work at intervals, but my time was much occupied 
in other matters. As you know, Lawson came to see me in Manchester 
and gave me detailed news of all of you, which I was very glad to hear. 
Lawson has now got a post in Sheffield and I hope is comfortably 
situated. He seems a very keen and prolific worker. I appreciate very 
much the kind way you looked after him in difficult times. You will 
have heard that I am now transferred to the Cavendish Laboratory and 
have now got into the working of it. I brought down your radium with 
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me and have been able to start my investigations again on the nitrogen 
problems. You will appreciate that it is very difficult work, but I am 
hopeful that I will be able to setde the question definitely before long. 
If ffie atom is not disintegrated by alpha particles I am of opinion it will 
not be done at all in our time. You will have seen in Nature about 
Aston’s work on the isotopic nature of neon, chlorine and mercury. 
He has greatly developed the positive ray method and I have great 
confidence in his conclusions. He is a very skilful experimenter and has 
much experience with positive rays. You will appreciate what a large 
field of work this will open up and we may hope before long to decide 
which elements contain isotopes. Apparently so far no one has been 
able to obtain positive rays from the metals except mercury, but I am 
hopeful that this difficulty may be overcome by further experiments. 
I got during the war a copy of your book on Radioactivity and quite 
appreciate the very large amount of work you put into it. I hope, if 
I can find time, to bring my own book up to date before long. I gather 
from the papers that conditions as regards food are very difficult in 
Austria and particularly in Vienna, but I trust it is not as bad as has been 
reported. Give my remembrances to Madame and to my many old 
friends, including Honigsehmid, Paneth, Godlewski, Prof Exner and 
others. I am hoping soon to write to von Hevesy whom I have heard 
from. 

P.S. I am afraid some time must elapse before we can meet again to 
discuss radioactive problems but I am very hopeful conditions will 
rapidly improve from now onwards. 

MEYER TO RUTHERFORD 

Wien: 22 Jan. 1920. It was a very nice feeling to get your letter of 
13 Jan. after so long a time and I thank you sincerely for the kind interest 
you show in it for us all. We had occasionally indirectly good news on 
your regard and were delighted to hear you got the professorship in 
Cambridge; in the last time we had some news by Lawson and by 
Ernest Goldschmidt, who met you in Cambridge and we felt always 
sure your feelings towards us, as ours towards you, could not be harmed 
by the psychoses of the surroimdings. I was also pleased to hear you 
acknowledge that our laboratory kept working steadily during the hard 
times; that was not easy at all and some of the best men on both sides 
will never return to work again ! But the so-called peace has aggravated 
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the difficulties enormously and I fear, we will not be able to continue 
scientific work, if at all we may continue our life. Nobody who does 
not live here — ^with only Austrian coinage at his hands — can imagine 
the sad lot we were condemned to bear by a peace dictated only from 
nebulous hating and without knowledge of our country and our people. 
Of course there exist here persons, who made their business with war 
and with peace as everywhere, but he who has his fixed and reduced 
income is now a poor man. You think that conditions as regards food 
are not as bad as is told in your newspapers, but I can assure, that they 
arc much worse than you can imagine it. Only a few numbers may 
illustrate this: It costs now i egg 10 Kronen, i kg. meal 50 Kr., i kg. 
butter 200 Kr., i liter milk 10-20 Kr., i simple cloth about 5000 Kr. 
etc. ; and even at those prices it is nearly impossible to obtain the most 
urgent necessities. As long as our Krone has only about or less than 
2% of its former value, there can't be much help. The construction of 
the new Austria without coal, without the necessary food, without the 
possibility to live by itself is a cruel nonsense. During the war we were 
at peace and friendship with Bohemia, Poland and all the other in- 
ventions; after the war they are constructed as new foes. My brother is 
professor of chemistry in the University of Prague, his poor wife died 
two months ago and I was not able to go to Prague, the politics did not 
allow me to be at his side. 

If people here is ill by famine and by epidemics, which we can't 
suppress because we are not able to forward sufficiently soap, hot water, 
medicines etc., bolshevism and similar insanities will follow. Resolutions 
do not feed the people and the sentence “help yourself and we will help 
you" remains a simple word as long as every trial is suppressed by the 
victors and those who associated them after the victory. I am sure the 
gendemen in England have no real idea of this kind of peace. As to 
my family and myself I have to tell you, that we got two children during 
the last yean; my daughter Agathe is now four years old, my litde boy, 
bom November, 1918 and in view of the coming peace called Friedrich, 
begins to walk. The children are our sunshine, but it is hard to say how 
difficult it is to bring them up. This winter it would have been impossible 
to let them be in Vienna; babies older than one year do not get any more 
milk, we have no coals and much less wood to provide them a warm 
room and so we decided to let them stay in Ischl with the parents. My 
old mother is in Zurich with my sister Hertha, married to the vulcano- 
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legist Friedlander, who was expelled from Neapel, where he had 
founded and sustained with his own means the International Institute 
for Vulcanology. The old staff of the Radium Institute is now scattered. 
Honigsehmid is professor in Miinchen where also Fajans stays; Paneth 
is professor in Hamburg; Her2feld has gone as Assistant to Sommerfcld 
and Fajans. Flamm is professor in Vienna, Technischc Hochschule. 
Hevesy is still in Budapest, where we expect to see him soon. Godlewski, 
Smoluchowski, Patkowski and others were, as refugees during the 
Russian occupation from Gahcia, our welcome guests. Poor Smolu- 
chowski died; Godlewski and Patkowski remain our personal friends 
but are now in a hostile land, which wants, nobody knows what all 
from the restrained Austria. Dr Ulrich was expelled last summer from 
Joachimsthal — of course after the peace and on the beginning of the 
internal hostilities through the Czechs. He does not know the Czech 
language and as nobody m Joachimsthal speaks it, it was quite un- 
necessary, but this crime was sufficient to dismiss him. He is now in 
Vienna. I feel this letter is somewhat bitter, but I can assure you, your 
kind letter was like a draught of refreshing air and we will hope that 
your expectance that things will improve rapidly may be true. Your 
wonderful work, June number of Phil. Mag. has been received with 
enthusiasm; we also saw the note of Mr Aston in Nature. But I fear it 
will be soon impossible to get foreign literature. The annual pubheation 
of Nature costs now more than 1100 Kroner. Phil. Mag. is still more 
expensive and we can’t afford the money. It would be very pleasant, 
if you would send us separates, as before the war and provide us the 
same from your scholars and colleagues. You will excuse that my 
Enghsh has made no progress, but I risk it to write in English knowing 
you prefer my bad English to my own language. Mrs Meyer begs to 
be remembered to Lady Rutherford and to yourself, as we do all. 


RUTHERFORD TO MEYER 

16 Feb. 1920. I was very pleased to receive your good letter but very 
distressed to hear of the bad conditions existing in Vienna. I hope that 
the funds collected in England will be of some htde help m reHeving 
distress. It seems to me, however, that things are on such a large scale 
that intemationanielp is required. I shall, of course, be very glad to 
send you any reprints from the laboratory but there is little to send at 
the moment, as the men have only just started work this year. I can 
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send you copies of Nature, if they would be of any service to you; please 
let me know. In your recent letter, you asked my opinion about a 
successor to Professor Exner. It is of course difficult for me to express 
any opinion, as, with the exception of Schweidler and Mache, I have 
litde knowledge, either personal or scientific, of others you mention. 
Apart of his pubHcations I know nothing of Ehrenhaft. I am personally 
of opinion that his work on the sub-electrons is not convincing, and 
I think you know Millikan is of the same opinion, but otherwise I know 
nothing of his scientific ability. I always supposed he was one of the 
band connected with the Radium Institute. The Laboratory here is in 
full swing and a number of interesting researches are now in progress. 
I am working hard at my own researches and hope before long to reach 
a definite decision on the nitrogen problem. We have had a very mild 
winter in this country and much sunshine! 

In June 1920 Rutherford for a second time gave the Bakerian Lecture 
to the Royal Society. The first time he had given the complete founda- 
tions of the great subject known as Radioactivity. All subsequent work 
has been a development of the principles then enunciated. In this 
second lecture he laid the foundations of the transmutation of matter. 
He had once said that ‘‘unless it was possible to transmute matter by the 
action of swift alpha particles we are not likely to see it in our day”. 
Now he had done it ! He expounded step by step, with details and 
measurements, how he had used alpha particles to bombard the 
hydrogen nucleus out of the nitrogen nucleus so that what remained 
could no longer be nitrogen. He gave conclusive proof that the long 
range particles from nitrogen were indeed hydrogen nuclei, by measuring 
their deflection in a magnetic field. This was the first great step in the 
transformation of matter. 

He also discussed the nature of the short-range particles that he 
obtained when he was bombarding either nitrogen or oxygen with 
alpha particles. He here made one of his rare mistakes in considering 
that they were isotopes of helium, a new type of particle of mass 3 
and charge 2; or possibly of mass 3 and charge i, an isotope of hydrogen. 
Ultimately these effects were shown to be due to an unsuspected type 
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of alpha particles from radium C, few in relative number, but having 
an extra long range. Yet it is hardly to be regretted that this mistake 
was made, for it caused Rutherford to forecast the future in a remarkable 
manner which lent zest to his further investigations. Thus Chadwick 
wrote in the Royal Society obituary notice Qan. 1938, p. 41 1): 


The apparent occurrence of this new particle — ^part of the structure of 
the nitrogen and oxygen nuclei — ^led him to consider generally the 
constitution of atomic nuclei. Using as the ultimate constituents the 
hydrogen nucleus and the electron, he suggested that simple combinations 
of these might exist which had not yet been discovered. It may be of 
interest to quote his own prophetic words forecasting deuterium and 
neutron: 


‘Tt seems very likely that one electron can also bind two hydrogen 
nuclei and possibly also one hydrogen nucleus. In the one case, this 
entails the possible existence of an atom, of mass nearly two, carrying 
one charge, which is to be regarded as an isotope of hydrogen. In the 
other case, it involves the idea of the possible existence of an atom of 
mass I which has zero nuclear charge. Such an atomic structure seems 

by no means impossible Such an atom would have very novel 

properties. Its external field would be practically zero, except very close 
to the nucleus, and in consequence it would be able to move freely 
through matter. Its presence would be difficult to detect by the spectro- 
scope, and it may be impossible to contain it in a sealed vessel. On the 
other hand, it should enter readily the structure of atoms, and may 
either unite with the nucleus, or be disintegrated by its intense field, 
resulting in the escape of a charged hydrogen atom, or an electron or 
both.*' 


A lecture in which the speaker clearly foresees four future discoveries, 
together with some of the actual properties as later found, is perhaps 
unique. He was forecasting the now known existence of neutrons, 
deuterons, triple hydrogen, and triple helium; or ^n, JH, ?H, iHe, using 
a simple and useful method of nomenclature. 


Rutherford and^ Einstein were appointed, both at the same time, 
foreign members of the Royal Academy of Sciences at Amsterdam. 
They stood at opposite poles of physical interests, on the one hand the 
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concrete problems of the constitution of atoms, on the other side 
gravitational and cosmic theory. Between these poles was the careful 
and sympathetic scrutiny of critics like Lorentz. Both physicists had 
been recently encouraged by some striking discoveries; Rutherford by 
his disintegration of nitrogen by alpha particles with the ejection of 
protons; Einstein by some confirmation of his relativity theory by the 
observations at the total eclipse in Brazil. There was a suggestion from 
a leading mathematician and astronomer that these two men should 
work together at Cambridge, but the conjunction was not achieved. 

At the 1920 Meeting of the British Association held at Cardiff, 
Rutherford suggested that the nucleus of the hydrogen atoms should 
be called the proton and, after some discussion, this name was supported 
by Sir Oliver Lodge and it is now universally adopted. So that we 
think of the hydrogen atom as possessed of a small charged nucleus 
around which moves at a relatively large distance a single electron which 
balances the charge and adds but a trifle to the massiveness of the whole 
atom. 

Rutherford was constantly besieged with invitations for lectures most 
of which he had to refuse from lack of time. He was however glad, 
on the request of his young friend Bohr, to deliver three lectures in 
Denmark on the * Counting of Atoms’; the ‘Structure of Atoms’; 
‘Isotopes and their Meanings*. He received a great ovation and an 
honorary degree at Copenhagen. 

In 1921 Rutherford was invited to become a Commissioner of the 
1851 Exhibition, so that he might help to direct the valuable emoluments 
of that body towards the assistance of young men fitted to enjoy the 
opportunities which had already secured for himself a unique career. 
He valued this less than the joy of discovery and the hope of betterment 
of those burdened by poverty, insecurity and sickness. This view is 
illustrated by his address given on ‘Radiology*: 

While the radiologists may justly view with some pride the great 
advances made in their subject in the last two decades, I think all are 
conscious that much more remains to be done if we arc to reap the full 
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possibilities of the application of X-rays, radium rays and other electrical 
agencies in medical therapy. We have arrived in a sense at a parting of 
the ways for the old haphazard organisation will hardly suffice if we 
are to keep a steady rate of advance in technique and knowledge. Under 
the present conditions, the radiologist is usually worked at full pressure 
and fully occupied with routine. It is almost impossible for him to 
spare either the time or energy to investigate the numerous important 
problems that arise in his work. Even if time were available, few 
institutions have the necessary laboratories and facilities for carrying 
out such researches. It is true that many hospitals have a fine X-ray 
equipment and a few possess comparatively large quantities of radium, 
which in most cases has been made available by the generous bene- 
factions of private individuals or by the ready response of the public at 
large. The management of many of these institutions is usually satisfied 
that everything necessary has been done when provision has been made 
for a good X-ray department and a supply of radium in charge of 
capable radiologists. A few are more advanced and recognise that if 
progress is to be made, it is of the utmost importance to give every 
encouragement to the prosecution of research in the problems of 
radiology. This not only entails the provision of a well-equipped 
laboratory, but even more important the provision of research workers. 
If the radiologist is to be in a position to carry out such researches, it is 
essential that all his time should not be taken up by routine duties, and 
also that the scale of payment be such that he can feel himself free to 
devote his spare time to research. Experience has shown that it is only 
in this way we can hope to obtain the services of a body of keen and 
progressive men, competent not only to carry out their work in the most 
efficient manner, but capable and desirous of still further advancing 
professional knowledge. It is only too by such a policy that we may 
hope to obtain the full return in service to the public for the numerous 
benefactions so generously made to many institutions. 


RUTHERFORD TO BOYLE (aT OTTAWA) 

23 April 1921. I was glad to hear from you again, and to know that you 
are getting your Department in such good shape. I was interested also 
to hear your itemyof Canadian news. I thought that it was a good idea 
of Mac’s in Toronto to organise a Physics Conference. He would 
thoroughly enjoy the kudos of it all. I was very pleased to hear that they 
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had offered you the C.B.E. It is one of the misfortunes of Uving in such 
a democratic country that you are unable to sport the insignia of the 
Order. 

I see F. E. Smith pretty often, and hear what is going on in the 
Admiralty. It is very interesting to find all the old devices appearing 
again as subjects for further research and study. 

I had a fair holiday at the end of the Lent term, and got a week in 
Wales among a party of Cambridge climbers. I need hardly say that I 
was an on-looker, and took as little exercise as possible consistent with 
my self-respect. From there I went over to Brussels for the Solvay 
Conference, where we had a very pleasant week discussing the electron 
and its bearing in the structure of atoms, and magnetism. We had 
several representatives from this country, including Larmor, Jeans, 
Richardson, Barkla, W. L. Bragg; on the French side we had Madame 
Curie, Perrin, Langevin, and others; while Lorentz presided over our 
meetings. He is of course getting a little old now, but is a very good 
chairman and keeps us all working hard. Bohr was to have been there, 
but unfortunately he was suffering from overwork, and was not allowed 
to come. It is a great pity, for I was expecting him to lecture in Cam- 
bridge this term. This is now off, but we hope he will be well enough 
to come in October. You will have seen his recent letter in Nature. 
I shall be very interested to see how far he can deduce the arrangement 
of electrons on his theory. It sounds almost too good to be true in any 
detail. You will have seen a letter of mine and Chadwick's in Nature 
recently, in which we showed that we got very swift hydrogen atoms 
from a number of elements like aluminium, phosphorus and fluorine. 
There is a great deal of work still to be done in that direction, but it 
means a very large amount of scintillation counting. We have had 
recendy a good deal of talk in the papers about the dangers of X and 
radium rays, which has had a natural effect on our assistants, so that it 
will mean we will have to take every precaution against undue exposure. 
I am arranging that all the men who do much work in this direction 
have regular blood-counts, so that they will not get unduly alarmed 
when they feel under the weather. I have been loaned a new quantity 
of radium by the Medical Research Board, and am arranging a good 
system of protection. 

My wife and Eileen were in Italy recendy. I was not able to join 
them after my stay in Brussels. You will have seen that the coal strike 
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is still with us, and the power and light are to be cut off all the afternoons, 
so that experiments will be interfered with a good deal. I think it ought 
to be settled in a week, as we cannot afford the luxury of these perennial 
quarrels. 


In 1921 Rutherford was elected Professor of Natural Philosophy 
at the Royal Institution in succession to Sir J. J. Thomson and every 
year he gave about four lectures, well illustrated with experiments, 
showing as far as possible his latest discoveries, skilfully leading up to 
them like a wise showman. 

This year he was able to show photographs indicating the collision 
of an alpha particle with a proton, surely one of the most remarkable 
of human achievements. Moreover it was found that the laws dis- 
covered by Newton held good for these minute nuclei of atoms, as 
did the conservation of energy. 

About this time Rutherford was endeavouring to find the neutron, 
and to establish artificial radioactivity, by experiments suggested to 
his research students. Thus Roberts was measuring exactly the heat 
generated in a hydrogen discharge tube, on the off-chance that protons 
and electrons combined to form neutrons with an energy change. 
As to artificial disintegration, the methods employed by Shenstone 
{Phil. Mag., 1922, 43, p. 938) were ingenious and promising, but the 
search was for alpha particles rather than for negative or, still less, for 
positive electrons. The actual discoveries, in both cases, were made 
a full ten years later. 

C. D. Ellis has recalled an amusing controversy when A. H. Compton 
was arguing in favour of a large electron, at a meeting of the Physical 
Society at Cambridge. This idea was hotly opposed by Rutherford, 
whose artistic views of Nature were outraged by such a suggestion. 
Finally he declared, “I will not have an electron as big as a balloon in 
my Laboratory.” 

It would have been interesting to learn Rutherford’s views today 
on the new heavy electron, the mesotron — ^nicknamed the yukon. 

Ellis has pointed out to me that Rutherford had a lively, innate sense 
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of what might be termed the artistry of Nature, so that he almost 
knew what to expect. Yet he might partly conceal this dehcate percep- 
tion by a somewhat uncouth presentation. It is for this reason that the 
very same lecture might seem to some a perfect gem and to others 
a rough diamond. 

The radium lent to Rutherford before the War became the annexed 
property of the British Government at the outbreak of hostilities. 
Although it was a personal loan, it was necessary by law for Rutherford 
to make a declaration of the fact that it was in his possession. On 
the other hand, Stefan Meyer pointed out that “every bit of the radium 
was a personal loan and that it never occurred to him that the British 
Government had anything to do with it**, and he believed that Ruther- 
ford would fmd no difficulty in proving that the radium in question 
had nothing to do with the War and that it was placed at his disposal 
on friendly terms. This seems reasonable, but it was not in accordance 
with the law. However Rutherford replied as follows: 

19 Feb. 1921. I note the suggestion in your letter about the small radium 
standard of yours in my holding. Can you tell me whether this was 
included in the list of ‘enemy property* sent to the British Government? 
I omitted to make any definite mention of the same in my declaration. 
I regarded this as a personal loan from you to me to be sent back when 
I had done my measurements. Please let me know, as you will see it is 
difficult to make a move if it is officially registered through your 
Government. You will be interested to hear that owing to great 
improvements in counting, Chadwick and I have found that the long 
range atoms from nitrogen go 40 ems instead of the 28 which is the limit 
for ordinary hydrogen particles, using radium C. We also find long 
range atoms (probably protons) from fluorine, aluminium, phosphorus 
and boron, and possibly a trace from several others. No 4» ‘simple’ 
atom is affected, but only the 4« + 2 and 40 + 3. The surprising thing is 
the atoms from aluminium go over 80 ems and thus if they are ‘H* 
atoms have greater energy than the incident alpha particle! Please 
regard this as private as I have not yet published it. You will also be 
interested to hear that G. P. Thomson and Aston here have by different 
methods found lithium has 6 and 7 for its istotopes. 
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MEYER TO RUTHERFORD 

Vienna: 24 Feb. 1921. I was very much interested in your letter of 
Feb. 19 and I congratulate you to the astonishing results in your newest 
experiments. It is to be hoped now that in a not too distant future you 
may disclose the structure of all the simple atoms and it can’t be foreseen 
what else will be found from that. 

We are glad to have been of use to you in doing your splendid work 
through our radium. Of course every bit of this was and is a personal loan 
to yourself the big quantity as well as the small standard. It never occurred 
to us to think it possible that your Government has anything to do with 
it. We never mentioned it to our Government and therefore it can’t 
be officially registered. I don’t quite understand what you meant with 
the ‘declaration’ you mentioned, but I suppose if there would be any 
difficulty you would be able to prove that our radium has nothing to do 
with the war and that it was at your disposal on friendly terms. I hope 
to hear soon from you again. 

RUTHERFORD TO MEYER 

14 April 1921. I was much disturbed by your statement of the financial 
side of the Radium Institute of Vienna and have been active in trying to 
raise some funds to buy at any rate a small quantity of the radium which 
the Vienna Academy so generously loaned me so long ago and which 
has been of so much aid in my researches. Through the kindness of the 
Royal Society I have been granted several hundred pounds to help you 
in these trying times by buying some of the radium from you. I am 
anxious that a reasonable part of the sum should go to defray the 
expenses of the Radium Institute. Please consult with the Vienna 
Academy about the matter and advise me where and how the money is 
to be paid for you to get advantages of the exchange. I shall of course 
require the written authority of the Vienna Academy to purchase 10 or 
more milligrams of their radium. I should first of all buy the small 
radium standard you loaned me bbfore the war, amount, I think about 
7 mgs., I speak from memory. Please give me your views on the 
question. I hope to hear from you soon. 

This reply was received at the Vienna Radium Institute with ‘vivid 
joy’, and the question, always difficult, as to the price of radium was 
next discussed. The price in America for a gramme of radium at that 
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time was stated to be a milligramme. (The present price is about 
In Czechoslovakia the price was quoted at ^30-40, ‘*a price 
that seems to be monstrous**, stated Meyer. It must be remembered 
that the pound sterling was then worth 3*83 dollars as against the proper 
value of 4*86. 

Rutherford obtained leave from the Administrator of Austrian 
Property in England to release some of the radium loaned to him 
before the War and he therefore bought, with the help of the Royal 
Society, the said 10 mg. for ^(^270. 

Finally Rutherford raised funds to purchase all the radium and spread 
the payment over a number of years and this money enabled the Radium 
Institute of Vienna to tide over a period of depression and difficulty. 

On 6 Dec. 1921, Ralph Howard Fowler married Eileen Mary 
Rutherford. The wedding took place in the Chapel of Trinity College. 

Rarely can a man have found a son-in-law so congenial in tastes 
and outlook. Fowler was a Wykehamist and a Fellow of Trinity. 
He was a man of great mathematical powers with a firm appreciation 
of what might be termed the right and the wrong in physics, a master 
in summing up all the experimental evidence and then proceeding 
to a sound conclusion. 

In due course Fowler became a Fellow of the Royal Society (1925); 
he was awarded the Royal Medal (1936) and appointed Plummer 
Professor of Mathematical Physics. Ultimately Rutherford had four 
grandchildren named Peter Howard, Elizabeth Rutherford, Eliot 
Patrick, and Ruth Eileen. 
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On 3 May 1922, Rutherford delivered the Eleventh Ray Lecture to 
the Institute of Metals on ‘ The Relation of the Elements * . He summarised 
the then recent advances in physics, beginning with the work of Sir 
J. J. Thomson and the fact that electrons were constituents of all atoms. 
He referred to his own discovery that every atom had a nucleus con- 
taining the bulk of the mass and always with a positive charge; to Bohr’s 
theory of the planetary electrons round the nucleus; to Moseley’s 
discovery of atomic number, giving the place from i to 92 of every type 
of atom, and equal to the number of unit charges on the nucleus; to 
the theory and chief properties of radioactivity; to Soddy’s work on 
isotopes, inseparable elements with the same atomic number and nuclear 
charge, but with unequal nuclear masses. He next dwelt on an interesting 
point due to Harkins. There are in the outer surface of the earth nearly 
seven times as much by weight of the elements with even atomic 
numbers as there are of elements with odd atomic numbers. Here are 
the chief ‘evens’ in percentage of the whole constituents of the litho- 
sphere: oxygen (8), 47*33; silicon (14), 27*74; h:on (26), 4*30; calcium 
(20), 3*47; magnesium (12), 2*24. Total 85 per cent. 

Odd atomic numbers, aluminium (13), 7*85; sodium (ii), 2*46; 
potassium (19), 2*46. Total 12*8 per cent (Clarke). 

It is clear that in the evolution of the elements in past ages, possibly 
in the sun before the earth broke away, there was a stability about the 
even-numbered elements to which the elements with odd atomic 
numbers could not aspire. Elements of low atomic weight predominate. 

In the Thirteenth JCelvin Lecture given to the Institution of Electrical 
Engineers on 19 May 1922, and reported in Nature on 5 August, Ruther- 
ford spoke on ‘Electricity and Matter* and the following passage is of 
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much interest, now that the elusive positron has been foreshadowed by 
Dirac, discovered by Anderson and confirmed by Blackett. 

It might a priori have been anticipated that the positive electron should 
be the counterpart of the negative electron and have the same small 
mass. There is not, however, the slightest evidence of the existence of 
such a counterpart. 

Since it may be argued that a positive unit of electricity associated 
with a much smaller mass than the hydrogen nucleus may be discovered, 
it may be desirable not to prejudice die question by calling the hydrogen 
nucleus the positive electron. For this reason, and also for brevity, it 
has been proposed that the name proton shall be given to the unit of 
positive electron associated in the free state with a mass about that of the 
hydrogen nuclctis, namely about 1*007 hi terms of oxygen 16. 

It is clear firom these passages that Rutherford had the foresight to 
contemplate the subsequent discovery, quite a decade later, of the positive 
electron. 

In 1922, Rutherford was awarded by the Royal Society the Copley 
Medal, the greatest honour in the gift of the Society. 

He gave a lecture to the Institute of Metals on the ‘Relation of the 
Elements ’, pointing out that in an ore of uranium the amount of radium 
present is but one part in three million as compared with the uranium, 
which conjures up a vision of that dauntless quest of Marie Curie 
among her tons of pitchblende. He stated that the Standard Chemical 
Company of Pittsburg had extracted 85 gm. of radium, and that the 
demand was large, especially during the War, for luminous paint con- 
taining radium for watches, compasses, dials and gun sights. He pointed 
out that uranium was a branching product, 96 per cent took the ‘high 
road’ through uranium, radium and so down to lead, while only 4 
per cent turned into uranium Y, and thence into the actinium family, 
which in consequence was rare compared with the radium family. 

He concluded by describing his latest discoveries of breaking up with 
alpha particles the nuclei of light elements, and of measuring the ranges 
of the protons ejected on disruption. 
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At the end of this year a Nobel Prize was awarded to his old comrade 
in the early days of radioactivity. Prof. F. Soddy, who wrote a letter 
of gratitude: “acknowledging the debt I owe you for the initiation 
into the subject of radioactivity in the old Montreal days. But for that, 
I suppose the chance of my ever getting the Nobel would have been 

exceedingly remote The paper has just arrived and I was delighted 

to see that Aston gets this year’s Chemistry prize.” 

Rutherford was continuing his experiments on the disintegration 
of the light elements with alpha particles and was measuring the 
maximum ranges of the protons proceeding with speed in aU directions, 
one from each disintegrated nucleus. For this purpose he inserted very 
thin sheets of mica equivalent in their stopping power to 5, 10, 20, 
50 cm. of air. The apparatus employed is shown on page 275. 

Mr G. R. Crowe, his assistant, gave me a spirited description of 
working with Rutherford: 

He was shooting protons out of light atoms by means of alpha particles; 
carbon would not play. The next day was the turn of aluminium, and 
on some theoretical grounds Rutherford thought that the protons 
would have high velocity and a long range. “Now, Crowe, have some 
mica absorbers ready tomorrow with stopping power equivalent to 
50 cm. of air.” “ Yessir.” 

On the next day: “Now, Crowe, put in a 50 cm. screen.” “Yessir.” 
“Why don’t you do what I tell you — ^put in a 50 cm. screen.” “I have, 
sir.” “Put in 20 more.” “Yessir.” “Why the devil don’t you put in 
what I tell you, I said 20 more.” “I did, sir.” “There’s some damned 
contamination.” “Put in 50’s.” “Yessir.” “Ah, it’s aU right, that’s 
stopped ’em ! Crowe, my boy, you’re always wrong until I’ve proved 
you right ! Now we’ll find their exact range !” 

In this way Rutherford foimd the length in cm. of the paths in the 
air of the protons from many elements — ^nitrogen 40, boron 58, sodium 
58, fluorine 65, phosphorus 65, aluminium 90. This means that an alpha 
particle which will go about three inches in air will occasionally strike 
the nucleus of an aluminium atom so that a proton will leave the nucleus 
and travel a distance of nearly two feet through the air; thus the proton 

19-2 
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has more energy than that derived from the bombarding projectile! 
Rutherford and Chadwick worked together at all the problems which 
arise when various types of atoms are thus broken up. 

RUTHERFORD TO R. W. BOYLE 

9 Jan, 1923. I got your letter just before Xmas, at a time that I was hard 
at work preparing an address for the Science Masters* Association, which 
met in Cambridge about a week ago, 300 strong. We gave them a big 
programme of lectures including J. J. T., Pope, Priestley, Wood and 
others, and had all the labs. open. We arc now just getting ready for 
the beginning of a new term. I will be giving my R.I. Lectures later in 
the term, on the subject “Atomic projectiles and their properties’*. 

You may come across Henderson at Saskatchewan University. He is 
a quiet fellow but has got a good deal of research ability. You will see 
in the last Proc. Roy Soc. a very interesting paper by him on the 
“Capture of electrons by alpha particles**. I have confirmed his results 
by the scintillation method and am generally occupied in seeing whether 
we can get definite information of the laws of capture and loss. 

We have had a very good year in the laboratory, and made good 
progress. I have a number of good people as well as the usual uncertain 
material for prehminary training. 

I am interested to hear that McIntosh is coming back to the fold. 
I imagine most of our scientific people in industry get bored from the 
lack of intellectual contact with their fellows. Rawlinson came up to 
see me a month or two ago. He seems to be making very good progress 
with his problem and hopes his theoretical investigations will be allowed 
for the D.Sc. in Manchester. F. E. Smith is doing very well as Head of 
the Scientific work for the Navy. He has got a well laid out laboratory in 
Teddington and, what is more, has the confidence of those in authority. 

I hope you will come over to the Liverpool meeting of the B.A. 
I expect it will be a big meeting and I hope to see a number of my old 
friends there. 

We spent a quiet Xmas at home with the Fowlers, and we are all 
very fit. 

In February and March 1923, Rutherford gave six well illustrated 
lectures at the Royal Institution on ‘Atomic Projectiles and their Pro- 
perties* and the ‘Life History of an Alpha Particle*. 
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He pointed out that an electron urged forward by one volt attains 
a velocity of 370 miles a second, and that exceedingly high speeds are 
attained with a himdred thousand volts — so light is the electron com- 
pared with its electric charge. 

He was able to show some of the wonderful photographs obtained 
by Blackett and others, where a single alpha particle may be seen col- 
liding with (i) a proton four times as hght as itself, (2) a hehum nucleus, 
of equal mass, (3) an oxygen nucleus four times as heavy. Strictly 
speaking none of these things is seen, but only their tracks along which 
the ions have been covered with mist when the moist air is suddenly 
expanded. In order to make this matter clear a photograph is shown, 
thanks to the kindness of Prof. Blackett, where an alpha particle strikes 
its equal — a hehum nucleus — and they part company at right angles 
to one another, as would be expected from the laws of mechanics. 

On 15 June 1923, Rutherford lectured at the Royal Institution on 
the ‘Life History of an Alpha Particle from Radium*, and a few extracts 
may be given: 

It is now well established that the alpha particle expelled from radio- 
active bodies is in all cases a hehum atom, or, to be more precise, the 
nucleus of a hehum atom of mass 4 carrying two positive charges of 
electricity. It is only when the expelled nucleus is stopped by its passage 
through matter that it captures the two negative electrons required to 
convert it into the neutral hehum atom — There is a very wide range 
of stabihty exhibited by different radioactive elements. In a substance 
like radium A the average life of the radioactive atom before ejection 
of an alpha particle is about 4*2 minutes, for radium itself 2250 years, 
while in the case of a very slowly changing element hke uranium the 
average life is of the order of 7000 milhon years. 

The lecturer then referred to interesting experiments by G. H. 
Henderson (Proc, Roy, Soc, A, 1922, 102, p. 496), who fired in a high 
vacuum the alpha r^ys from a speck of radium through a smaU hole in 
a metal sheet and deflected them by a magnetic field. He obtained three 
bands on a photographic plate due to He’’"*', He+, He; which is a short- 
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hand way of stating that the main band was due to a helium atom less 
two electrons, the next to a helium atom less one electron, while at 
low velocities the third band indicated faintly a complete helium atom. 
Rutherford said that he had repeated and confirmed this result, using 
scintillations on a zinc sulphide screen. In effect, an alpha particle plays 
fast and loose with electrons when the opportunity occurs ! 

He referred also to Kapitza’s wonderful photographs of the bent tracks 
of alpha particles in powerful fields of 80,000 gauss. The paths are not 
arcs of a circle, because the faster the particle is moving the harder it is 
to deflect it, so that the curving of the track is greater near the end where 
it stops. 

The romance of Science certainly made a great appeal to Rutherford's 
mind, and in one of his lectures on the ‘Life History of an Alpha 
Particle' he wrote: 

Wc can follow in imagination the long life of the alpha particle — on an 
average many thousands of millions of years— as an integral and orderly 
part of the structure of the nucleus of uranium, or its descendants; the 
sudden cataclysm in the atom leading to its violent expulsion; its brief 
but exciting career of about a hundred-millionth of a second plunging 
through the atoms in its path, its long imprisonment in the mineral, 
and its release this evening to show its brilliant effects when an electric 
discharge passes through it. I hope you will agree with me that it is a 
fascinating story of a single atom of matter which, in its chequered 
career, had undergone so many vicissitudes. 

He might have gone further and discussed its future escape into the 
atmosphere where it would diffuse, drifting higher and higher, until 
it would leave the earth altogether and wander through space for all 
time, or until some powerful star should draw it inwards and possibly 
reconstruct a heavier atom, so that the helium would again become 
a prisoner for vast periods of dme as an alpha particle within a newly 
constructed nucleus. It is, however, typical of Rutherford that he kept 
his feet firmly on the ground and avoided the more speculative aspects 
of physics. 
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In the old-world preface to his modem work on The Stricture of the 
Atom (G. Bell and Sons, 1923) Andrade paid a unique tribute to the 
master, who guided the young man’s research at Manchester. 


A Dedication to Sir Ernest Rutherford, Knight, Fellow of the Royal Society, 
Member of the Principal Learned Societies of the Old and of the New World 
and Nobel Laureate, 


Sir, 

I fear that what I offer you here is but an indifferent Plant, though *tis grown 
from your own Seed, Since I laboured in your Elaboratory, working small 
things while those Choice Philosophers Moseley {of whom we may say, as the 
illustrious Newton said of Cotes, that had he lived we had known something) 
and Bohr were performing great ones. War and the Penalties of Publick 
Employment have long kept me from attempting to add to Knowledge by such 
Natural Experiments as my slender Wit can devise. In studying now at length 
to fit myself for a Venture I have gathered together much of what the Learned 
of our day have discussed in the matter of that Microcosm, the Atom, within 
whose exiguous Bounds is Space and to spare for Philosophical Speculations; 
and in the perhaps too Presumptuous Hope that what it has taught me much 
to collect may help others as Ignorant as Myself I have ordered my Conclusions 
into the Volume which I now present to You, 

No Astronomer of these petty Suns and Planets has given us more and rarer 
News of them than Yourself, who first taught the Virtuosi to see in the Atom 
a Massy Nucleus controlling by electrick Laws his distant Servants the light-- 
heeled Electrons, You will find here, then, much that is a picture of your own 
Thoughts; and as there is scarce a Man whose Portrait is being limned but feels 
a lively Curiosity to see what the Artist, he he never so unskillful, has made of 
his Task, so, I trust you will look not without Interest on much that I have 
endeavoured to portray of which you are the Originall 

Finally I bring you humbly this Book not so much in the Belief that it is 
worthy your Acceptance, as in the Hope that its very Imperfections and 
Errours may prove of Service, by suggesting to your Perspicacious Judgement 
Means by which they may be amended, and Experiments to resolve what I have 
set down doubtfully. The Principles which you have already establisht will 
remain to perpetuate^your Name to Future Ages, and these I have endeavoured 
to elucidate to the Students in our great Science of Phy sicks. I have, however, 
small Doubt that you are so extending the Bounds of Natural Knowledge as to 
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render what I have written Meagre and Incomplete even while I Subscribe 
Myself, 

Sir, 

Your most Humble Servant, 
Edward Neville da Costa Andrade 


At the Artillery College at Woolwich, 
January, 1923 


In 1923 Rutherford was President of the British Association, which 
met at Liverpool. In his Presidential address he pointed out that at 
the previous Meeting held in that city, in 1896, an account was given by 
a young Italian, Marconi, who had signalled for a few hundred yards by 
wireless waves, whereas at the present Meeting it was possible to broad- 
cast a concert all over England. In those twenty-seven years complete 
order had been attained, and most of the gaps filled, in the chemical 
elements, while the first steps had been achieved in the disintegration of 
atoms by the deliberate purpose of man. He warned his audience that the 
laws which govern the massive world, in which we live and to which 
we are accustomed, may not hold good in the nuclei of atoms. In 
comparison with the past they were living in the heroic age of physics, 
but it had been suggested that we might appear to future generations 
as if still groping in the dark. This pessimistic suggestion found little 
echo in Rutherford’s mind, for he knew full well how sohd and lasting 
were the main achievements of physics. 

He continued: 

There is an error far too prevalent to-day that Science progresses by the 
demolition of former well-established theories. Such is very rarely the 
case. For example, it is often stated that Einstein’s general theory of 
relativity has overthrown the work of Newton on gravitation. No 
statement can be further from the truth. Their works, in fact, arc hardly 
comparable for they deal with different fields of thought. So far as the 
work of Einstein is relative to that of Newton, it is simply a generalisa- 
tion and broadening of its basis, in fact a typical case of mathematical 
and physical development. In general, a great principle is not dis- 
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carded, but is so modified that it rests on a broader and more stable 
basis. . .. 

It is clear that the splendid period of scientific activity which we have 
reviewed to-night owes much of its success and intellectual appeal to 
the labour of those great men in the past, who wisely laid the sure 
foundations on which the scientific worker builds to-day; or, to quote 
from the words inscribed in the dome of the National Gallery: “The 
works of those who have stood the test of ages have a claim to that 
respect and veneration to which no modem can aspire.** 

Rutherford*s speech at the British Association was for the first time 
broadcast throughout the British Isles, and while some found it unin- 
telligible and asked the B.B.C. not to do it again, others enjoyed the 
experience of hearing an expert enthusiast speaking of his favourite 
topic, the Electrical Structure of Matter. 

A select few of the members of tlie British Association belong to 
a Red Lions Club which holds an annual dinner as a relaxation after 
the more serious meetings and discussions of the week. The younger 
members of the club, known as jackals*, presented to Rutherford a coat 
of arms suitable to the presidential dignity and to his scientific work. 
It is shown as a photograph, robbed of its brilliant colouring, with its 
motto Atom virumque. 

The more orthodox banner of the President with abundant Kiwis 
is also given. 

A very curious thing was discovered about 1924. The alpha particles 
from radium C generally travel about 7 cm. (about 3 in.) in air, but 
a very few out of a milHon go farther, some to 9 and some to ii cm. 
Similar results hold for thorium C. Imagine a shaving brush with a 
million hairs about 3 in. long, with twenty-eight hairs sticking out 4 in., 
and five hairs about 5 in. — and there is a picture of the range of the alpha 
particles from radium C I It was puzzling at first to understand why 
Nature was so imiform and then occasionally diverged in this erratic 
manner. No doubt a long range particle has picked up some extra energy 
from the activated atom, which might otherwise escape as a gamma ray. 
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The amateur radio enthusiasts were allowed to use the short wave 
lengths because it was believed that the range of transmission would 
be small. The young experimenters soon discovered that there were 
wonderful possibilities with these short waves, which would carry 
great distances with incredibly small power at the source. 

In 1924 a young McGill undergraduate, Jacobs, oflfered to send a 
wireless message to anyone in England that I liked to name. We drafted 
the following message (7 Feb. 1924) : ** Sir Ernest Rutherford, Cavendish 
Laboratory, Cambridge. McGill Radio Association sends greetings by 
transatlantic amateur wireless through their station. Please reply through 
station that delivers this. A. S. Eve.** 

The message was sent at night, picked up by Simmonds, Meadowlea, 
Gerrard*s Cross, and forwarded by letter to Rutherford at Cambridge, 
who replied by the same route. The wave length was 100 metres and 
the power used 8o watts. It may seem easy now, but certainly it was 
no mean feat then. 

On 7 Feb. 1924, there was a conference at the Royal Society on the 
‘Structure of the Atomic Nuclei*. Rutherford stated that he and 
Chadwick had found that when an alpha particle was projected at 
atoms ranging from copper (29) to uranium (92) it was under an 
inverse square law of force throughout its motion; and that the nearest 
approach to the very centre of the nucleus was lO”** cm. for copper and 
4 X 10“^* cm. for uranium. What an extraordinary thing that small 
nucleus of uranium must be, which contains among other things no 
less than eight alpha particles to be ejected before it can reach the stable 
product of lead ! In the case of the elements lighter than copper the 
case is quite different and the alpha particle can approach much nearer 
to the centre of the nucleus. 

Rutherford and Chadwick had by this time proved that the nuclei 
of all elements ranging up to potassium — except lithium, carbon and 
oxygen — could be disintegrated by the alpha particles of radium C 
which have energies equivalent to seven million volts. 

In all cases there is a great repulsive force resisting the close approach 
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of an alpha particle or proton to the nucleus. There seemed to be some- 
thing in the nature of a barrier of very high potential which retained the 
nucleus intact, while checking the ingress of a foreigner. 

The Franklin Medal was awarded to Rutherford by the Franklin 
Institute of Philadelphia and presented to him at the Foreign Office, 
London, on 14 July 1924, by Mr Charles Trevelyan, President of the 
Board of Education. 

RUTHERFORD TO MEYER 

19 July 1924. I am leaving for Canada in a few days and will not return 
to Cambridge until early in October. I am acting President of the 
British Association until the beginning of the meeting in Toronto but 
I will then be free from official duties. I hope to have a quiet holiday 
in the East and see some of the American Universities before I return. 
My wife and daughter and son-in-law [R. H. Fowler] are also going. 
Two days ago I received from Dr Pettersson an advance copy of a long 
letter he proposes to publish in Nature, Chadwick and I have definite 
evidence that many of the results in it arc cither wrong or wrongly 
interpreted. So I have written him a long letter giving him my reasons 
and suggesting further consideration before publication. I send a copy 
herewith to you to let you see the situation. You know me well enough 
to appreciate that I would not interfere unless I thought the situation 
was serious. I do not know Pettersson personally or his co-workers, but 
you do. He seems to me a man of originahty and ingenious in his 
arrangements but I should judge he jumps to conclusions on insecure 
evidence. The subject of artificial disintegration is full of difficulties and 
pitfalls and wants investigators who are very careful in experiment and 
with good judgment. I am sorry to bother you over the matter but you 
will quite appreciate how important it is to Dr Pettersson and to your 
Laboratory and also to the subject not to go along wrong lines. I am 
feeling pretty fit but have much to get through before I leave. 

There was a large gathering from Great Britain, Canada and the 
United States at the British Association Meeting in August at Toronto, 
where Sir WilUam Bjragg was President of the Mathematics and Physics 
Section. At one of the meetings Rutherford speaking on ‘Atomic 
Disintegration’ stated that physicists had accomplished much that, even 
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as late as 1913, he had thought must be left for the next generation to 
deal with. Rutherford was the guest at a luncheon given by the 
meteorologists at which their distinguished president, Bjerknes, declared 
that had he been asked in his youth, which of two subjects would make 
the greater progress — the weather or the atom — he would have unhesi- 
tatingly replied, the weather ! Exacdy the opposite had been the case, 
and that was because (turning and bowing to Rutherford) abler men 
had been solving the problem of the atom. 

After the Toronto Meeting Lady Rutherford and the Fowlers went 
on a riding trip in the Rockies, but Rutherford came eastwards and 
stayed with us at Glenmere, a cottage alongside a little lake in the 
country near Knowlton in the Province of Quebec. There he enjoyed 
bathing, deck tennis, and fly-fishing for the Hvely speckled trout in 
the lake, entering into all the interests of the party, and was specially 
beloved by all the children and young people. 

After a tour of lectures at the American Universities he returned to 
Montreal and gave a talk to the McGill Physical Society, standing at 
the place where he had upheld, against all comers, the theory of the 
disintegration of the radio-elements. It is hard to describe the admirable 
effect of these lectures which Rutherford was ready to give to scientific 
societies — the inspiration to young students, the infectious vigour to 
the professors, the novelty of the experiments and ideas, the generalisa- 
tion over a broad sweep of his subject — all these were put forth with 
volcanic enthusiasm, mixed with friendliness about human and personal 
affairs. 

CHADWICK TO RUTHERFORD 

Inveroran: Sept. 1924. I think I ought to tell you the results of the last 
experiments but I don’t know when you will get this letter as I very 
seldom see a post office. 

I corrected the number of disintegration particles from aluminium 
under as definite conditions as were feasible. As near as the experiments 
allow, the number agrees with that calculated on the assumption of an 
attractive invcne fourth and repulsive inverse square taking (i) zero 
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force at 4x io“*^ and (2) that the H particle appears when the alpha 
disappears. Of course the agreement cannot be very good on account 
of the counting errors and even in estimating the sohd angles of the 
alphas used. 

Blackett has got two more photographs which are somewhat clearer 
than the others. They show the track of the H particles and the track of 
the recoil atom, but no track for the alpha. If this is true it is a very fine 
addition to the evidence for the attractive field, and fits in very well with 
our expectations. 

I tried the scattering apparatus using gold as radiator. The numbers 
were less than an inverse square field, about half I think, but there was 
no evidence of short range alphas. I made some attempt with aluminium 
and carbon but the results were not definite, owing to a sHght contamina- 
tion. What evidence I got seemed to show that the number of particles 
scattered through 135° by carbon is probably greater than the number 
scattered by aluminium. I feel sure it is true. I think it is exactly what 
must happen, but the evidence is very weak yet. 

I think we shall have to make a real search for the neutron. I beheve 
I have a scheme which may just work but I must consult Aston first. 

I suppose you have received Pettersson's letter. He sent me a copy 
and also an additional short letter to which I made a very mild and 
conciliatory reply in the hope of inducing him to visit us. I don’t think 
he will come, however. 

We are having a most amusing time on these Highland roads. They 
are so narrow that one can pass another car only at occasional places. 
The other day we found a real hill in the way from Ullapool to Gairloch. 
I turned through a narrow bridge and found the road going up like the 
side of a house. I was so surprised I stopped altogether. It begins at 
I in 7 and the average gradient is i in 7*8 but fortunately it is only 1/3 of 
a mile long. We have now turned south again and I think I shall go 
back in a few days. I have to get my new rooms in order. 

The Order of Merit was awarded to Rutherford at the beginning 
of 1925. In accepting the ofifer of it Rutherford had written: 

20 Dec. 1924. I appreciate that this award is not so much in recognition 
of my own personal ’services to Science, for an individual can hope to 
accomplish but htde, but rather a recognition by His Majesty of the 
importance of Science and scientific study to the welfare of the Empire. 
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For a lecture to the Royal Society of Arts Rutherford chose for his 
subject ‘The Stability of Atoms* and described mainly the Bohr theory 
relating to the outer electrons connected with optical radiation, and 
with the inner groups which are related to Rontgen or X radiation. 
He touched lightly on the nucleus itself where he surmised that alpha 
particles might act as satellites to the rest of the nucleus, the size of 
which is at most 7 x cm. even in the case of uranium, while the 
atom itself has a radius of about 2 x io“* cm., so that the atom is 3000 
times as big as its nucleus in linear dimensions; while of course in 
volume it is 27 thousand million times as large. 

The following extracts are typical: 

The trend of physics during the past twenty-five years has been largely 
influenced by three fundamental discoveries that were made in the 
closing years of the nineteenth century. I refer to the discovery of 
X-rays in 1895, of radioactivity in 1896 and the proof of the independent 
existence of the negative electron of small mass in 1 897. . . . The discovery 
of the electron and the proof that it is a constituent of all the atoms, 
gave us the first definite line of attack on the constitution of the atom. . . . 
It is convenient to consider that the structure of the atom consists of two 
parts, one the minute, charged nucleus which contains most of the mass 
of the atom, and whose electric charge controls the number and arrange- 
ment of the outer electrons, and the other the outer or planetary electrons 
which extend far from the nucleus and give the atom the dimension 
usually attributed to it. The motion of these electrons is responsible not 
only for the characteristic light seen in the spectra of the atom, but also 
for its high frequency X-ray spectra, while the position and motions of 
the more oudying electrons govern the ordinary chemical and physical 
properties attributed to the atom. 

On the classical theory, it was impossible to devise a stable system of 
electrons in motion round a nucleus, since a moving electron radiated 
energy and would ultimately fall into the nucleus. In order to overcome 
this fimdamcntal difficulty, it was necessary to invoke the aid of the 
quantum theory of radiation, first put forward by Planck in 1900, 
although its fiiU importance and significance was not recognised until 
a decade later. . .. 
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To explain the complex modes of vibration (as learnt from the 
observation of spectra) of the single electron attached to the hydrogen 
nucleus Bohr supposed that under appropriate conditions of excitation, 
the electron could be displaced from its normal orbit and occupy one 
of a series of stationary states, or levels of higher energy relative to the 
nucleus, which are defined by simple quantum conditions. The energy 
of the level relative to the nucleus is most conveniently expressed in 
terms of volts. For example, the energy required to move the electron 
from the normal state, or first level, to a great distance is equal to the 
energy acquired by an electron in falling freely between two points 
differing in potential by 13*54 volts. The corresponding energies of the 
successive levels (counting the normal level as the first) are connected 
by simple numerical relation, namely, 1/4, 1/9, 1/16 . . . of the energy of 
the first normal state, i.e. 3*38, 1*50, 0*84, . . . volts respectively. Then 
the difference of energy between the first (normal) and second states is 
13*54 less 3*38, or 10*16 volts. 

Rutherford went on to explain that if a collision or radiation raises 
the level and the energy of the normal electron into the second state, 
requiring 10*16 volts to do so, then that atom is said to be ‘excited*, 
and within a minute fraction of a second the disturbed electron will 


snap back to its normal level, orbit, or state, and in doing so it will 
radiate out the light of the exact frequency observed in spectroscopy. 
The connection is E^hfy where E is the change of energy, /is the fre- 
quency, and k is the known Planck’s constant. 

A similar scheme of things holds for Rontgen rays, where there are 
for heavy atoms several electrons in different levels, known from the 
centre outwards as K, L, M, iST . . . rings. Here again, as Moseley first 
showed, the numbers i, 1/4, 1/9 ... hold. If high frequency radiation 
meets an atom it is apt to sweep away an electron from an inner ring. 
This constitutes absorption of radiant energy. An electron returning 
to that ring will give up a corresponding amount of energy; frequently 
the replacement is from the L to the K ring which will give up three- 
quarters of the total energy. This constitutes radiation. In the simpler 
cases of hydrogen, ionised helium and X-rays, Bohr’s theory achieved 
a great success, and it stiU holds good. 
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About the time of this lecture Bohr’s theory was shown not to 
be true in more complicated cases, and a thorough revision became 
necessary; so that physicists were plunged into the difficult atmosphere 
of matrices and wave-mechanics, thus securing the correct results with- 
out altogether comprehending the physical background involved in the 
mathematical procedure. 

It was finally shown by L. de Broglie, Schrodmger, Dirac and others 
that “we have to abandon the description of atomic events as happenings 
in space and time, we have to retreat still further from the old mechanical 
view. Quantum physics formulates laws governing crowds and not 
individuals. Not properties but probabilities are described, not laws 
disclosing the future of systems are formulated, but laws governing the 
changes in time of the probabilities and relating to great congregations 
of individuals”.* 

Much of the new development left Rutherford unmoved, for it was 
outside his sphere. He was sympathetic enough and ready to avail 
himself of any conclusions which aided investigation. Yet, as he once 
said jokingly, they “play games with their symbols, but we, in the 
Cavendish, turn out the real solid facts of Nature”. 

Rutherford would have relished a recent remark of Kramers: “The 
quantum theory has been very like other victories ; you smile for months 
and then weep for years.” 

RUTHERFORD TO R. W. BOYLE 

i6 Feh. 1925. I received your very kind telegrams of congratulations on 
the Order of Merit, but have delayed a reply until I had time to send 
you a reasonable letter. I have also received your letter of January 21st. 
I have of course been very busy answering the crowd of letters that 
have come m, and last week I had to go down for the formal investiture 
at Buckingham Palace. Frazer and I led the procession and we got 
through very rapidly. 

You will be surprised to hear that my wife and I have decided to 
leave for Australasia probably late in July, and will not return until 

* Binstein and Infdd, The Evolution of Physics, Cambridge University Press, 1938. 
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after the New Year, My primary intention is to see my people, but 
incidentally I shall give some lectures in the main cities of Australia and 
New Zealand. Under these conditions, I hope, if you come over to 
England, you will arrange to come here first so that wc can see you. 

I saw F. E. Smith the other day. He told me about the question of 
publication of your results. I quite agree with you that it would be a 
good thing to get some of this work published as rapidly as possible. 
Lehmann and Osgood his partner are very hard at work. They have had 
many trials and tribulations but, I have no doubt, will succeed in 
producing a really good paper at the end. This research has been a great 
experience for them; and Lehmann has developed into a very good 
glass-blower and a good experimenter. Boomer is hard at work on the 
‘helides* and thinks he has got some new and interesting results. 

R. H. Fowler is away in Copenhagen where he is spending a couple 
of months with Bohr, who was very anxious for him to go over. He 
tells me that Bohr has now got the correspondence principle much more 
definite and is able to predict intensities accurately, even in the case of 
an optical multiplet. They arc also hard at work thrashing out the old 
problem of the absorption of the alpha-particle, Ellis and others are 
hard at work on the gamma-ray spectra and the heating effect of the 
gamma-rays; while Chadwick and I arc busy examining the field of 
force round atomic nuclei, particularly of the heavy elements. It is hard 
work but we hope to definitely settle how far the inverse square law 
applies. Kapitza, as you know, is preparing to do a big experiment for 
producing magnetic fields (by momentary currents) of the order of 
I million Gauss. This research is being financed by the Government, 
and involves the installation in one of the old Engineering Laboratories 
of a complete power station with a 1500 kilowatt machine as the source 
of the power. It is a very elaborate experiment and I hope it will come 
off all right. If so, there will of course be a great deal of work to do in 
the examining of magnetic properties in these very high fields. The 
whole scheme will cost a good deal and will be financed by the Depart- 
ment of Scientific Research. 

We are all fairly well. Eileen and the grandson Peter are in the house. 
He is nearly two years old and is a lively vigorous youngster. 

Four of the most interesting lectures that Rutherford ever gave are 
well reported in The Electrician for March and April 1925. They illu^ 
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trate the thoroughness of Rutherford's work and the clearness of his 
exposition. He traced the history of the early efforts of men like Thomas 
Young, Kelvin, Maxwell, Rayleigh, and others, to find the size of 
a single atom. He gave an account of the successful modem experi- 
ments, by radioactive and other methods, to find the number of atoms 
in a given volume of gas, the size of a given atom, the mass (or weight) 
of a single atom of any element, and the unit charge (electronic) of 
electricity. He pointed out that all these quantities were known within 
an error of less than one per cent, better perhaps than we know the 
population of any stated country. 

Rutherford gave another lecture, also at the Royal Institution, on 
10 April, at which he first announced a result of the greatest importance. 
He said that P. M. S. Blackett at the Cavendish Laboratory had suc- 
ceeded in taking photographs of an alpha particle which stmek a nitrogen 
nucleus and remained inside^ throwing out a proton, as a young cuckoo 
ejects a fledgeling from its nest. Clearly the nitrogen atom gains 4 
and loses i in mass, and it gains 2 and loses i in charge. Hence the 
nitrogen atom has been transmuted into a heavier atom with a larger 
atomic number, one of oxygen ! To Blackett thus belongs the great 
credit of having been the first to prove the synthesis, or building up, 
of a heavier atom from a lighter one. Of course, today, that is an 
everyday matter; but not then. 

To the initiated, the whole affair is described by 

‘}N+JHe *|0 + ;H, 

or nitrogen and helium give oxygen and hydrogen. - 

Oxygen of mass 17 is a rather rare isotope of the commoner oxygen 
of mass 16, and it has been detected by the spectroscope and by the 
mass-spectrograph. 

In the year 1925 Rutherford was elected President of the Royal 
Society and held the office for five strenuous years. In that capacity 
he not only proved himself to be an excellent Chairman, but also on 
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suitable occasions joined with zest in the discussions and drew out 
valuable contributions from others. 

Rutherford received the news of his election with boyish elation. 
A student declares that it ‘gingered up his lectures* to such an extent 
that the student resolved to follow where Rutherford led, nor has his 
resolve been without marked results. 

In 1925 Rutherford paid testimony to the generous help that Prof. P. 
Langevin had given m the piezo-electric method of submarine detection 
during the War. Although the idea had occurred to many, it became 
a possibility only because of the development of amplifiers during the 
War period. Langevin was the first to make trials with this scheme in 
the harbour of Toulon, and he allowed representatives of the Admiralty 
(British) to be present and to assist in his experiments. 

At an earlier date, about 1917, some of us advocated the view that 
Rutherford originated the scheme of a piezo-electric submarine detector, 
whereas Langevin had claimed priority. Rutherford’s reply to me was 
short and final: ‘Tf Langevin says the idea was his, then the idea was 
Langevin’s.” 

In July Rutherford sailed, with his wife, for Australia and New 
Zealand and has left the following account of his tour: 

We left England on July 25th from Liverpool by the SS. Ascanius via 
the Cape. I was met by one of the Firm at the boat and they kindly 
allowed us to use the cabins de luxe on board the boat. This included 
a large cabin for each, a small sitting room, and a private bathroom. 
There were only about fifty passengers, about half of whom were 
bound for the Cape. We had a comfortable and rather cool journey to 
Capetown. There we stayed the night with Sir Carruthers Beattie, 
Principal of the University, and had a very pleasant dinner party in the 
evening. Next morning I visited the University and saw the work of 
both Schonland and Newbery. My wife spent the morning visiting 
special places and gardens. 

We had a long and rather tedious journey to Adelaide but with only 
one or two days* bad weather. We arrived at Adelaide on September 
2nd and there left the Ascanius, Half an hour after she arrived in port 
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the crew and firemen joined the strike and the boat did not get away for 
nearly two months. We were met at the port by Professor Kerr Grant, 
Professor and Mrs Osborne and Professor and Mrs Robertson, all of 
whom I had met before. We had lunch at the Grants and my wife left 
that afternoon by rail for Melbourne and Sydney hoping to catch the 
boat for New Zealand at the latter place. Actually she failed to do so 
and spent the next four days in Sydney with the Gordon Craigs. Stayed 
at the South Australian Hotel, where rooms had been reserved for us, 
and found many letters awaiting me for plans in the West of Australia 
and New Zealand. Gave my first lecture in the evening on the ‘ Counting 
of Atoms*. A good audience and introduced by the Deputy Governor. 
After dinner went to the hotel with Dr Mitchell, Vice-Chancellor of the 
University and talked philosophy till 12. 

On the Friday — ^the 4th — ^visited Robertson*s new biochemical labora- 
tory and the new physics and engineering buildings. I gave an informal 
talk to the people interested in physics — about 200 — on work in the 
Cavendish laboratory. In the evening gave a second lecture when good 
speeches were made at the conclusion by Grant and Chapman (Eng.). 
Attended a reception by Miss Todd in the Adelaide Club. 

Saturday the 5th. Answered letters and telegrams and visited 
Registrar. Went for a picnic with the Osbornes and Grants in a car 
and had a very pleasant day. In the evening dined with the Vice- 
Chancellor and a number of friends in the Club. 

Sunday — motored by Osborne to see Miss Farr, and on return was 
taken out by the Vice-Chancellor to lunch at the Barr-Smiths, who 
have a fine house and garden a few miles from Adelaide. Left by train 
for Melbourne the same evening and was seen off by a number of friends. 


MELBOURNE 

A pleasant railway journey and was met at Melbourne by Orme 
Masson, Rivett, Barrett and a number of others. Photographs and 
cinema in operation. Lunched at the Melbourne Club where I was put 
up by Orme Masson. In the afternoon went to the University; had tea 
with members of the Department, including old friends — Glove, Rogers 
and Bells, and gave a talk to a large audience on the work going on in 
the Cavendish laboratory. Monday evening a reception by a number 
of representative Societies. The Governor and his wife — ^Lord and Lady 
Stradbroke, presided, and Lady S. made one of the main speeches — ^an 
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excellent one. Unfortunately I had to receive with the President of the 
Victorian League, which I should have preferred to escape. Finished up 
by refreshments and general talk. 

Tuesday — ^given a lunch in the Club by the Honourable G. Clarke, 
the President, and saw a good deal of him during my stay. Gave three 
lectures in Melbourne, two on the ‘Atomic Constitution* and one on 
‘Radiology*. Attended a reception in the evening given by Lady Grice 
and in the afternoon by Mrs Allen. 

On Wednesday lunched with my old friend J. A. Erskine, and on 
Saturday was taken by Bells for a motor excursion in the country. 
Returned in time to leave by the evening train for Sydney. My time 
in Melbourne was very much occupied with interviews with the Press 
and a number of visitors, amongst others several who claimed relation- 
ship but on no grounds that I could find out. 


SYDNEY 

Arrived Sydney on Simday the 13 th and stayed at the Sydney Club. 
The Club was comfortable but my host forgot to introduce me to any 
resident members and so had rather a dull time at ordinary meals. Gave 
one lecture in Sydney and a talk at the Physical laboratory, and then 
went by train to Brisbane. 

BRISBANE 

I was met at the station by a number of old friends, including Professors 
Steele and Priestley and put up at the Queensland Club, an exceedingly 
comfortable and pleasant Club and adapted for semi-tropical conditions. 
Next morning we were taken a drive by Professor Steele to the highest 
point in the neighbourhood and returned in time to give an informal 
lecture to the students. A good and appreciative audience. Visited the 
Physical and Chemical laboratories; in the afternoon there was a 
reception given by the Acting Vice-Chancellor in the open air. I was 
introduced to a number of students and had afternoon tea. Lecture that 
evening and the next, and next day lunched with a number of members 
of the Faculty. A pleasant but hurried visit and I did not have much 
time to see much of the city or country. 

Returned by train to Sydney and was met some distance from the 
city by Professor Vonwiller with a motor car, and took up my duties 
there. Taken home for lunch and in the afternoon had a long run in the 
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country with a picnic tea. Gave in all three public lectures. The hall 
was crowded and there was a good deal of discussion in the papers on 
the fault of the University in not getting a bigger hall, Was given a 
dinner on the first evening by Dr MacCallum, acting Vice-Chancellor 
and had a most pleasant time. Had a formal reception by the Royal 
Society and other bodies and made the usual speech. Was taken by 
friends for a long motor journey through the Reserve Park and had a 
very enjoyable day’s excursion. Paid several visits to the new Physical 
laboratory and the Engineering laboratory and was given a dinner by 
the staff in the University Union. Saw a good deal of Vonwiller and 
Bailey. Went to lunch with the Governor Admiral dc Chair — a private 
affair. Left Sydney earlier than was intended by the SS. Niagara and 
rolled our way to Auckland. Had a comfortable berth but rather rough 
weather most of the way. Met a number of New Zealand acquaintances 
on the boat. 

Rutherford left Sydney in S.S. Niagara on 24 September and four 
days later arrived at Auckland, where he was met by his old Manchester 
pupil, Prof. E. Marsden, who made all arrangements for his visit and 
went with him on the tour. As Rutherford himself said it was a ‘semi- 
Royal’ visit, with government free passes on the railways and a motor 
car at their disposal. There were dvic receptions to which Rutherford 
raised no objection. “I am inured to them now”, he said, but begged 
them to “cut out all garden parties and reduce formalities to a mini- 
mum”. 

As to his lectures they were given at Auckland, Wellington, Nelson 
and Christchurch and they were well attended, for at Auckland ”500 
were standing and 500 could not get in at all”. 

Rutherford gave the Cawthron Lecture to the Cawthron Institute 
at Nelson, the town of his old school. He first referred to “the gift of 
64 acres of first-dass land by Mr James Marsden, whom I had the 
pleasure of meeting yesterday, to the Cawthron Institute, an example 
which we hope will often be followed by other friends”. The lecture 
was on ‘Electricity and Matter’ and first dealt with the work of the 
great pioneers, such as Faraday. He passed rapidly to modem dis- 
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covcrics, such as that of the nucleus of the atom, with special reference 
to the work in 1911 by Dr Marsden in Manchester, who conducted, 
at Rutherford’s request, an experiment which threw great light on this 
question. His words were: 


If a thin sheet of gold leaf is placed in the path of a beam of alpha-rays 
some rays enter the atoms of gold and are scattered. That was only to 
be expected. But a remarkable and unexpected observation was that 
some of the swift alpha-particles actually came back again ! That was a 
most surprising result considering the minuteness of atoms and the 
great swiftness and energy of the alpha-particles which were fired at 
them. It is just as surprising as if a gunner fired a shell at a single sheet 
of paper and for some reason or other the projectile bounded back 
again. 


Previous to the civic reception at Christchurch, Rutherford watched 
a magnificent haka, or Maori dance, performed by Canterbury College 
students “who dragged the motor car of the world-famous scientist 
to the Municipal Chambers”. 

He visited his old school at Havelock and wrote: 

Here I addressed the school children, planted a tree, was photographed 
and gave the youngsters a whole hoUday. The school house had not 
been altered since my youth and the present master seemed an excellent 
fellow. Found the house we lived in had been pulled down, but 
Havelock very little changed in the interval. Left immediately for 
Nelson via the Rai Valley and the Wangamoa and had a most interesting 
drive over the mountains. All the bush had been cut down in the Rai 
Valley and burnt, but ultimately the grass had been overcome by a 
growth of fern so all the labour had been wasted, while a magnificent 
forest had been destroyed. 

I found the house where I was bom at Brightwater had been removed 
and was now occupied by a chicken run. Fortunately it had been 
photographed by Professor Basterfield before it was pulled down and 
my mother declares it is the correct house, except that a verandah has 
hem added to it after they had left Nelson. My father declares that 
when he started up house in it, it was the best built house in the Nelson 
district; in any case it lasted nearly sixty years. 
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He visited his parents at New Plymouth and found them well, his 
father 86 and his mother 82, “both unusually well preserved for that 
age”. On 9 October, a telegram came from his son-in-law 
R. H. Fowler announcing the birth of his granddaughter Elizabeth. 
The Nelson College Old Boys at Christchurch gave a complimentary 
luncheon to Sir Ernest and Lady Rutherford. Indeed he was so busy that 
he wrote “you will find it difficult to get any manuscript of my lectures 
out of me, for I have not time or energy to write it”. He wrote 
however to Chadwick at Cambridge: “I was greatly amused to receive 
from Kapitza a magnificent photograph of your two selves taken on the 
day of your wedding. Both of you made magnificent portraits and I 
think that they should hang on the walls of the Cavendish Laboratory. 
The contrast between Kapitza in his everyday clothes and in his capacity 
as best man is highly diverting. I understand from Fowler that his top 
hat completed the toilet.” So the whole month of October was 
passed in New Zealand, and, when he left, Prof. Coleridge Farr, 
F.R.S., of Canterbury College, aptly summarised the visit in a farewell 
message: 

May I say with the utmost sincerity that it has been your inexhaustible 
good nature which has made your visit go so smoothly, and your 
unfailing readiness to fall in with any plans that have been made for you. 
You realise how intense has been the desire to meet and to see you, while 
the crowded audiences indicate the strength of the desire to hear you. 

On the return journey S.S. Maheno was delayed by strikes so that the 
Rutherfords were late in reaching Sydney, but the P. and O. steamship 
company held up the ship for a few hours for them. The journey to 
Adelaide was a pleasant one, but Perth was like an oven (103° F.) 
and there Rutherford got through his lecture all right, but “lost a good 
deal of weight in the process”. 

There was a call at Colombo, and another at Aden, and four days’ 
very pleasant stay at Cairo with a visit to Luxor. Rutherford declared: 

If I go there another time I shall leave out the regular sights and go 
straight to Assouan, and stay there. One soon gets tired of inspecting 
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tombs on a roasting day with a temperature of about 90^ inside the 
tomb. My interest in the ancient Egyptians vanished very rapidly under 
these conditions. I am glad to say that the rest of the party were affected 
in a similar manner, so we struck out all the minor Kings and nobles. 


At Cairo Rutherford received some news from the Cavendish: 


KAPITZA TO RUTHERFORD 

Cavendish Laboratory, Cambridge: 17 Dec. 1925. I am writing you this 
letter to Cairo to tell you that we already have the short circuit machine 
and the coil, and we managed to obtain fields over 270,000 in a cylindrical 
volume of a diameter of i cm, and 4J cms high. We could not go 
further as the coil bursted with a great bang, which, no doubt, would 
amuse you very much, if you could hear it. The power in the circuit 
was about 13 J thousand kilowatts (13,500 amperes at a pressure of 

1.000 volts) approximately three Cambridge Supply Stations connected 
together, but the result of the explosion was only the noise, as no 
apparatus has been damaged, except the coil. The coil had not been 
strengthened by an outside band, which we are going to do. Up to 

200.000 gauss we have gone quite safely and we are not in very special 
difficulties. 

At present all these experiments have been done with a higher speed 
machine, and I am very happy that everything went well, and now you 
may be quite sure 98 per cent of the money is not wasted, and everything 
is working. 

The accident was the most interesting of all the experiments, and 
gives the final touch of certainty, as we now know exactly what has 
happened when the coil bunted. We know just what an arc of 13,000 
amperes is like. Apparently it is not at all harmful for the apparatus 
and the machine, and even for the experimenter if he is sufficiendy far 
away. 

I am very impatient to see you again in the laboratory and to tell you 
aU the litde details, some of which are amusing, about the fight with 
the machines. Tizard and Sir Richard Threlfall zic coming to the 
laboratory tomorrow. 



CHAPTER Xn 


PRESIDENT OF THE ROYAL SOCIETY 

“Before leaving Cambridge** said Rutherford in an after-dinner speech 
after his return from New Zealand, “I went in to see my old friend 
C. T. R. to say goodbye. He was slowly grinding by hand a large 
ground glass joint and I left him doing it.** 

Then, after describing his visits to the various colleges in New 
Zealand, he went on: “The voyage home was, I think, one of the 
most interesting sea passages I have ever had. We had a lot of young 
athletes on board and you know what a part deck tennis plays on a long 
voyage. Well, it was a real treat to watch these young men play. I have 
made a good many voyages in my time but I have never seen a better 
example of skill and power than these young men showed.** A slight 
pause, and then, “I won the prize! !** 

“But all good things come to an end and we arrived back in the old 
country and so to Cambridge. The first thing that I did after being 
away for some months was to look up my old fnend C. T. R. I found 
him still grinding a large glass joint!**' 

It must in fairness be added that Rutherford knew and said that the 
achievements of C. T. R. Wilson were of the very greatest importance 
in physics, and backed him for his Nobel Prize. 

In January 1926 Bohr wrote to Rutherford his regret that Kramers was 
leaving Copenhagen and his delight in acquiring Heisenberg; owing 
to the work of the latter “prospects have with a stroke been realised 
which, though only vaguely grasped, have for a long time been the 
centre of our 'wishes. We now sec the possibility of developing a 
quantitative theory of atomic structure.** Bohr then referred to the 
important suggestion of Goudsmit and Uhlenbeck that electrons spin 

* I am indebted to Professor A. M. Tyndall, of Bristol University, for the record 
of dbis speech. 
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on their axes and that this fact may account for the **fine structure of 
spectral lines 

On 4 March 1926, Rutherford was in the Chair as President of the 
Royal Society during a discussion on the ‘Electrical State of the Upper 
Atmosphere*. Prof. S. Chapman dwelt upon exploration with balloons 
which had by that time achieved a height of 30 km. Thunderstorms 
were discussed by C. T. R. Wilson, while Sir Henry Jackson and 
Appleton dealt with exploration by wireless. C. T. R. Wilson said 
that, at any time, there were 1800 thunderstorms raging in the world, 
giving on an average 100 Hghtning dashes a second, thus balancing the 
steady leakage of negative electricity from the earth*s surface in normal 
weather. It was pointed out how large a share this country had had in 
this work on the upper atmosphere, particularly referring to the work 
of Appleton in proving the existence of the Heaviside layer and measuring 
its height. 

Prof. H. E. Armstrong wrote to the President: “Your attitude in 
the Chair is delightful; to have a President asking questions and 
prompting discussion is an astoimding departure. You may restore 
a dead body to life, if you persevere and get a little human feeling into 
the show.** 

On 6 March 1926, Rutherford gave a lecture at the Royal Institution 
on the ‘Rare Gases of the Atmosphere*. He pointed out that thirty 
years had then passed since Lord Rayleigh had lectured on argon to 
the Institution. Enormous labour was then necessary to extract even 
a moderate quantity from the atmosphere. At the time he spoke, argon 
was a by-product in the extraction of oxygen from the air and about 
a hundred million litres of argon were used annually in gas-filled lamps. 
Neon was in use in all cities for illuminating signs and in the United 
States hundreds of thousands of cubic feet were isolated and used for 
that purpose. 

Lord Rayleigh discovered argon by noticing that nitrogen taken fiom 
ammonia was a half per cent less dense than nitrogen taken from the 
air. Why? Sir James Dewar pointed out to Rayleigh that Cavendish 
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in 1775 found a small bubble of gas remaining after removing 
other gases from some air. What was that bubble of gas ? Rayleigh took 
some air and sparked it, thus forming nitric oxide which was absorbed 
by caustic soda. This was a tedious process but the remainder gas 
continued to increase in density, because argon is denser than nitrogen. 
Rutherford remarked with a smile; Chemists generally assumed that 
Lord Rayleigh, being a physicist, did not know how to purify gases.** 
Little they knew their Rayleigh and his immense caution. 

Sir William Ramsay, having read Lord Rayleigh’s papers, joined 
in the hunt. He collected the new gas more quickly because he used 
heated magnesium shavings to absorb the nitrogen. It was a better 
process. A joint account by Rayleigh and Ramsay of the discovery of 
argon was given at the British Association at Oxford (1894) and met 
with extreme scepticism. Ramsay later extracted from the air neon, 
krypton and xenon, three new rare gases. Rutherford proceeded in 
his lecture to tell the interesting history of helium, and touched on the 
three radioactive gases radon, thoron, actinon. 

The year 1926 was the Tercentenary of the death of Francis Bacon, 
which was duly celebrated by his University of Cambridge. Ruther- 
ford was awarded an honorary Sc.D. and the words of the Public 
Orator began -with Bacon: 

That great man, the most illustrious of the Lord Chancellors of England, 
when caught at last by the cunning of his enemies, said he hoped there 
remained some quiet place for him in some Cambridge College where 
he might be at leisure for science 

Man, the servant and interpreter of nature, lives by the laws of nature 
and his own. The life of man, so long as he obeys the laws of nature, 
flourishes. If, on the other hand, we try to live without human laws, 
nature refuses us its benefits. 

I present one whom you have long known, a high priest of natural 
science, censor of the atom, the flower of knighthood, our colleague 
and friend Sir Ernest Rutherford. 

One of Rutherford’s favourite quotations was taken from Bacon: 
“Human knowledge and human power are coextensive; for ignorance 
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of causes prevents us from producing effects. Nature can be ruled only 
by being obeyed; for the causes which theory discovers give the rules 
which practice appUes.” 

RUTHERFORD TO HEVESY 

I June 1926. I hear from Bohr that you have an addition to your family. 
Congratulations and best wishes to you all. 

I do not think that I have written to you since you got your Chair 
in Freiburg. I wish you all success and happiness and will expect to 
hear of great works from time to time. As for Cambridge things go 
on much as usual but there is a good deal of activity in the Laboratory 
in various directions. Aston has got going with his new apparatus of 
great dispersion, and expects to fix the atomic weights of the Hght 
elements with an accuracy of i in 10,000 and incidentally to determine 
the mass of an electron. He had a great deal of trouble over the new 
method in tracing down the origin of a disturbance which affected the 
width and shape of his lines. The strange reason for this is now apparent 
and it can be allowed for if necessary. He now gets lines almost as 
sharp as spectrum lines. 

Chadwick and I arc working at the scattering of alpha particles and 
hope to publish some interesting results before long. I want to know 
a little bit more about nuclei before I retire from actual work. 

I received, a few weeks ago, a copy of yours and Paneth’s book 
on Radioactivity. I read it with much interest and think it reads quite 
well, With the help of Chadwick and Ellis I hope to produce a book 
before long on the radioactive radiations and their applications. My 
time is too much occupied to tackle big books again. 

The grandchildren flourish and we arc all very well. I hope to get 
a short hohday in the Tyrol after the International Research Council 
meeting in Brussels on June 29th. 

RUTHERFORD TO SCHUSTER 

21 Nov, 1926. I hope you are coming to the R.S. dinner on St Andrew’s 
Day so that you may give me your moral support in the hour of trial. 
Would you feel inclined to make one of the speeches on behalf of the 
medallists? Hopkins will be the other. I know it is rather a bore, but 
you can be as short as your sense of decency allows. I hope you will 
do so, but if your mind and body revolt would you please send me a 
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wire with a Thundering ‘No*, as I have to make all arrangements the 
next few days. I am busy with the annual address — ^an awful task in 
a busy term. 

RUTHERFORD TO MEYER 

23 Dec, 1926, I was very glad to get your letter a day or so ago and 
to hear how you are progressing. We are fortunately all very well and 
wiU be spending the Christmas time in Cambridge. My two grand- 
children are now growing rapidly and are at an amusing and interesting 
age. I have had a very busy term as the University is undergoing re- 
organization as a result of the Report of the Royal Commision on the 
Universities. This has involved a good deal of extra work in grafting 
on the new machine to the old. You will see in Nature that we celebrated 
in Cambridge on Dec. i8th J. J. Thomson’s 70th birthday. The dinner 
was confined to the present and old members of the Cavendish Labora- 
tory and we had a most interesting and successful evening with about 
130 people at the dinner. Nature took the opportunity to publish a 
special supplement on the history of the Laboratory last week and you 
will see in this week’s issue an account of the Celebration. As you know, 
these htde digressions from routine involve a good deal of labour for 
everyone concerned. I was glad to hear from you about the prospects 
of an interchange of visits between this Laboratory and your Institute, 
to get at the bottom of the reasons of the differences in results obtained 
in the two Institutions. I thank you for suggesting that I should come 
over, but as you no doubt know, it is quite impossible for me to do so. 
My duties here as President of the Royal Society fully occupy my time. 
Chadwick has gone away for his holiday but he told me that he had 
received a letter from Pettersson. I have not had an opportunity to 
discuss the question with him but I am very doubtful whether he would 
be able to visit Vienna for the next few months. He is expecting an 
interesting domestic event in February and naturally cannot leave for 
some time. I will write you later when we have discussed the matter. 

I can quite understand that it might be best for Chadwick to visit your 
Institution and see for himself what is the cause of the divergences. 

I agree with you that it is highly important that this question should 
be amicably settled for I myself feel the whole subject of nuclear 
disintegration must remain in confusion pending a comparative investi- 
gation. 
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Experimenits £nally showed that» in the main, the Cavendish was 
right. 

At the Cavendish dinner Rutherford referred to J. J. as “a star of 
the £nt magnitude, a central sun which does not shrink with age, but 
draws on some unknown source of energy”. 

Of Rutherford’s own work at the Cavendish Bohr wrote: 

Oftener than once it has been the unique power of Rutherford that has 
called forth a revolution in science by inducing him to throw himself 
with his unique energy into the study of a phenomenon, the importance 
of which would probably escape other investigators on account of the 
smallness and apparently spurious character of the effect. The confidence 
in his judgment and our admiration for his powerful personality was 
the basis of the inspiration felt by all in his laboratory and made us all 
try our best to deserve the kind and untiring interest he took in the 
work of everyone. However modest the result might be, an approving 
word from him was the greatest encouragement for which any of us 
could wish. 

I remember on a visit to Manchester during the Armistice hearing 
Rutherford speak with great pleasure and emotion about the prospect 
of his going to Cambridge but expressing at the same time a fear 
that the many duties connected with this central position in the world 
of British physics would not leave him those opportunities for scientific 
research which he had understood so well how to utilise at Manchester. 

As everybody knows, the sequel has shown that this fear was un- 
founded. The powers of Rutherford have never manifested themselves 
more strikingly than in his leadership of the Cavendish Laboratory, the 
glorious traditions of which he has upheld in every way. Surrounded 
by a crowd of enthusiastic young men, working under his guidance 
and inspiration, and followed by great expectation of scientists all 
over the world, he is in the middle of a vigorous campaign to deprive 
the atoms of their secrets by all the means at the disposal of modem 
science.* 

In February 1927, Rutherford gave the twelfth Guthrie Lecture to the 
Physical Society in the Imperial College of Science. This lecture is of 


' Nature, 18 Dec. 1926. 
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interest because lie began to speculate on the constitution or structure 
of the nucleus itself, and referred, not very hopefully, to the services 
which the new quantum mechanics might possibly render in elucidating 
the many puzzling features attending the close collision of nuclei. He 
stated: “Great difficulties arise the moment we consider why the 
nucleus of an atom holds together and progress seems likely to be slow, 
because it seems clear that the ordinary laws of force between electrified 
particles break down at such minute distances.’* 

C. D. Ellis has reviewed the scientific situation thus: 

Perhaps the most characteristic example of Rutherford’s genius during 
his Cambridge period is to be found in a paper, Phil. Mag. 4, 580 (1927), 
which at that time made Uttle impression and is now almost forgotten. 
It puts forward a theory about the origin of the alpha particles, and 
the dbtails of this type of disintegration, which was soon completely 
superseded by the wave-mechanical picture. Yet what is so interesting 
is that it shows how completely he has appreciated the difficulties 
that lay in the way of any explanation on classical lines. From his own 
experiments on the scattering of alpha particles and from those carried 
out in collaboration with Chadwick, he became convinced that the 
inverse-square electric field round a heavy nucleus must be vaHd to 
such small distances that the potential energy of a nucleus and alpha 
particle could reach values of ten million electron-volts. Even if an 
alpha particle, by some mechanism, just trickled away from the attrac- 
tion of the main nucleus, it would find itself in this strong repulsive 
field, and could not possibly emerge from the atom with kinetic energy 
less than ten million volts. Yet the alpha particles from uranium have 
energies of less than six million volts. The hypothesis he suggested to 
overcome this difficulty is to-day unimportant, but the fact on which 
he based his argument is recognized to be one of the crucial points 
which show the need for some theory other than classical mechanics 
in dealing with these matters. Rutherford’s abifity to seize on one 
definite fact, to realize that, independently of all other arguments, it 
showed a fundamental error in the current physical picture, and then 
to follow this trail wherever it led, this ability was the measure of his 
genius. It is shown no less strikingly in this example than in his famous 
deduction from Ae fact that alpha particles could very occasionally 
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be scattered through large angles. In the latter case he found the right 
answer, in the former he did not, but the real achievement was the 
realization of the experimental fact and insistence on its importance. 

In 1926 the British Association met at Oxford under the Presidency 
of H.R.H. the Prince of Wales. Rutherford gave an account of his 
work, with Chadwick, on the collisions between alpha particles and 
light atoms, or rather nuclei of atoms, such as magnesium and aluminium. 

There was a good course of lectures on Atomic Structure given by 
Rutherford at the Royal Institution when he referred to the work of 
their President, Sir William Bragg, on the ranges of the alpha rays 
from different radio-elements, and how they were stopped by the 
atoms in matter. Rutherford explained that matter was mainly empty 
space^ so small were the nuclei and electrons, and so great, relatively, 
the distances between them. 

In March 1927 Rutherford spoke to the British Wireless Dinner Club : 

On one occasion, I was at the meeting of the British Association 
and said to Sir Arthur Keith, *‘a gathering like this must be of great 
interest to you, because you can study the skulls of the people round 
you!** Keith replied, “Yes, it is of great interest. You see that group 
over there**, indicating Sir Oliver Lodge, Sir Arthur Schuster and Earl 
Balfour. “If you go and dig in this country you will find the kind of 
skull that Sir Oliver Lodge has. If you go to Nineveh you will find 
Schuster*s kind of skull, and Balfour*s is a typical Scottish skull.’* 

In April 1927, there was an inaugural celebration at Buckingham 
Palace to mark the centenary of the birth of Lord Lister, pioneer of 
antiseptic surgery. Rutherford, as President of the Royal Society, 
presented an address to which His Majesty the King replied. There was 
a further celebration in honour of Lister at the Royal College of 
Medicine; “Sir Ernest Rutherford, wearing a scarlet cloak, was in the 
chair, a jolly and substantial high priest of physics, not of physic.** 

In August 1927, Rutherford learnt with deep regret that his old friend, 
B. B. Boltwood of Yale, had ended his life when in a temporary state 

of mental depression. In an obituary notice Rutherford dwelt upon 
BLR ax 
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Boltwood’s skill as a chemist and his success in the discovery and 
separation of ionium, the immediate parent of radium, as well as upon 
their first work at Manchester on the rate of growth of radon firom 
radium. 

The centenary of Volta was celebrated at Como (11-17 September) 
and a great International Congress of Electrical Science held. Rutherford 
recalled the communication made by Volta to the Royal Society in 
1795, and his great discovery in 1800, for which the Society awarded 
him a medal. He pointed out that Volta made the first battery and that 
his name is perpetuated in the word ‘volt*; he continued: 

All scientific men, I assume, will gladly unite in doing homage to the 
memory of Alessandro Volta for his fundamental discoveries. To 
Englishmen in particular, the celebration of the Centenary is of especial 
interest and significance on account of the close connection of Volta 
with the scientific men of this country. His famous paper entitled 
“ On the electricity excited by the mere contact of inducting substances 
of different kinds** was first communicated as a letter to the President 
of the Royal Society, Sir Joseph Banks, in 1800, and published by the 
Society. The importance of the discoveries of Volta was at once recog- 
nised and during his visit to England he was everywhere received as 
one of the greatest scientific men of his age. 

The discovery of the generation of electricity by the combination 
of chemical elements was of great theoretical as well as of great practical 
importance. It first disclosed that intimate connection between elec- 
tricity and matter which was so strikingly brought out later by the 
researches of Faraday in the laws of electrolysis. In this respect the 
discoveries of Volta provided the first step in the development of that 
‘Electrical Theory of Matter* which a century later was to dominate 
the progress of Physical Science. 

In 1927, while Rutherford was President of the Royal Society, he 
was also Chairman of a Committee for the reorganisation of the National 
Physical Laboratory, the second Director of which. Sir Joseph Petavel, 
had been appointed at the end of the War. 

The amount of time and thought that public men voluntarily give 
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to these important problems is remarkable. As the Government fincb 
the funds from the public purse, it must assume responsibility and 
retain control. On the other hand, the Govemm^t cannot pretend 
to have scientific knowledge sufficient to direct research. Hence the 
Royal Society assumed that responsibiUty from the outset, through 
a suitable Committee. Schemes were prepared by Sir Frank Heath, 
Henry Tizard and Sir Richard Glazebrook, which were interwoven 
and compromised in true British fashion. There was very little vinegar 
in the salad and Rutherford as Chairman was hberal with the oil, so 
that the resulting scheme suited all tastes and worked well. 

At the Annual Meeting of the Royal Society, Rutherford presented 
the Medals and made his Presidential Address. He spoke of the passage 
of electrical waves over great distance round the earth; on the use 
of electrons in radio-pictures and in television; and on the then new 
wireless beam station at Rugby with short waves and high-powered 
electron-tubes — a skilful piece of electrical engineering by the Post 
Office. He added: ‘Tt is now possible, and will, it is expected, soon be 
practicable to connect any telephone subscriber in Western Europe 
to any telephone subscriber on the North American Continent.” 

Rutherford was awarded a prize of looo dollars by the Sigma Xi 
Scientific Society, meeting in connection with the Convention of the 
American Association for the Advancement of Science. The prize was 
awarded to him for his work as Director of the Cavendish Laboratory. 

In October, Rutherford opened the new H. H. Wills Physics Building 
at the University of Bristol in the presence of their Chancellor, Lord 
Haldane; there was quite a strong group of physicists present — ^Bragg, 
Langevin, Eddington, A. Fowler, Max Bom and Tyndall. Rutherford 
spoke on the advance of science and engineering due to the discovery 
of X-rays, electrons and ions. A lady afterwards praised Rutherford as 
being such a practical man in talking to them of something that all could 
understand — electric Irons 1 

In 1928 Rutherford was elected an honorary Fellow of the Royal 
College of Physicians, on the occasion of the tercentenary of the pubUca- 
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tion of Harvey’s great book “Exerdtatio anatomica de motu cordis et 
sanguinis in animalibus”. 

In his annual course of lectures to the Royal Institution Rutherford 
drew attention to the two successive radioactive products, actinium 
and its emanation. Each ejects an alpha particle, but in such rapid 
succession that about a 500th part of a second elapses between the two 
events. This may be seen in the photographs of the trails of the alpha 
particles, shown by C. T. R. Wilson’s moist-air expansion chamber. 
The positive and negative ions, due to the first shot, have been drawn 
apart by an electric field; the second shot occurs usually in a fresh direc- 
tion, quite at random as compared with the first. 

The Sunday Dispatch of 26 August gave a character sketch of the 
“Man who Chartered the Atom”, from the pen of ‘Rhadamanthus’: 

“See that man across the dining room?” asked my friend. 

“You mean the hearty farmer who’s enjoying his breakfast so much ? ” 
I replied. 

“Farmer!” he cried witheringly, “Farmer — ^nothing! That’s Sir 
Ernest Rutherford, who plays with atoms a deal more casually than 
you can play with billiard balls.” 

I looked at the man again unconvinced. His healthy colour, blunt 
features, shrewd eyes, heavy hmbs, and even his easy tweeds, with 
their baggy pockets, all seemed aggressively agricultural. 

The article went on with an attempt at describing his discoveries 
and continued: 

Sir Ernest Rutherford wears his laurels lightly. His fellow-workers, 
from his senior assistant to the junior Tab-boy’, who is privileged to 
empty his waste-paper basket, adore him. 

His smile is perennial, his kindly good-humour inexhaustible. Other 
men may lose their tempers, or their heads, or their courage. Sir Ernest 
is the same yesterday, to-day, and — ^apparently — ^for ever ! 

He is the best of good fcUows, an admirable after-dinner speaker, 
a witty controversialist, a breezy lecturer, the confidant of his colleagues* 
ambitions, the arbiter of their jealousies, the composer of their quarrels. 
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The writer then expresses a belief that Rutherford would have been 
happier as a farmer. This is quite an illusion, for he dcHghtcd in his 
voyage of scientific discovery and enjoyed the sunshine of his success. 

A research student, who worked for many years at the Cavendish, 
and had a great respect and affection for Rutherford, declares that the 
idea of an equable temperament and perfect control of temper is a Hbcl. 
This student protests that “he never met anyone who could get quite 
so angry over trivial things as Rutherford — though he always apologised 
for it”. This is contrary to my experience of earlier days and perhaps 
indicates the great strain of the work of his later years. 

About the same time, an eminent surgeon, now dead, wrote to 
Rutherford at the end of a letter on Royal Society business: “You arc 
a delightful dinner companion; and I promise, in return for the pleasure 
of last night, to deal with you with compassion if (supposing you do 
not succumb under the intellectual burden I am imposing on you) 
you should need a surgeon’s help. Drink lots of water and escape us ! ” 


RUTHERFORD TO MEYER 

7 Feb, 1928. I am glad to inform you that the University has agreed 
to pay the sum of ^£3,000, for the Radium loaned to me by the Vienna 
Academy of Sciences and proposes to do so in six annual grants of 
£500 as arranged; the first payment to be made on March 31st, 1928 
and at the same date in subsequent years. I am writing also to the 
Academy informing them of the matter and asking them to state to 
whom the annual payments should be made. If it is quite convenient, 
I would propose to send a cheque from the Department of Physics on 
March 31st of each year. 

I am very glad that this matter has now been concluded. I was very 
distressed to hear of the death of Professor Lorentz last Saturday and 
I am going to Haarlem to attend the funeral on Thursday. I saw Lorentz 
last at Como, when he appeared to be in the best of health and full of 
intellectual activity. 

The Council of the Royal Society of Arts awarded the Albert Medal 
to Rutherford for his “pioneer researches in the structure of matter”. 
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The medal was presented on 19 July, by the President, H.R.H. die 
Duke of Connaught, at Clarence House, St James’s. 

In 1928 his father, James Rutherford, died at the age of eighty-nine. 
Only a short time before his death he was straight in the back and 
remarkably active for his years. Rutherford has stated that he felt that 
his father might have become a very good engineer, for he showed 
great skill in devising and controlling turbines and water-ways, in 
connection with his flax-mill. 

In May, Rutherford lectured in Berlin to the German Chemical 
Society on “Atomic Nuclei and their Transformations’*. He stayed 
with his friend and old pupil Dr Otto Hahn of the Kaiser Wilhelm 
Institute. 

At one time physicists looked askance at the periodic table as 
something as remote from physics as the Hebrew alphabet. It is now 
a vade-mecum, a Bradshaw, a Baedeker! Rutherford stated that at 
the time of his lecture thirteen elements were known to eject protons 
under bombardment. He pointed out that “it was probably not an 
accident that uranium and thorium are the sole survivors of the heavier 
nuclei in the earth to-day’*, meaning that it was due to their very long 
periods of transformation. 

RUTHERFORD TO HAHN 

8 May 1929. I got back home this morning at 10.15 after a very pleasant 
journey. We were very comfortable on the train and I slept peacefully 
through to Harwich. I feel very fit and have already done a good day’s 
work but make haste to write to you on my safe arrival. I am getting 
this typewritten so as to save you the bother of deciphering my writing 
which is far from perfect. I had a most delightful time with you at 
your home and in Berlin. You and your wife could not possibly have 
looked after my comfort, both material and spiritual, better than you 
did. It was a great pleasure to meet you and so many old fnends again 
under such pleasant circumstances. I thought it was very kind of you 
to prepare such original dinner cards. If you by any chance could send 
me copies of the old snapshots you used I would be very glad to have 
them. 



1929] NUCLEAR STRUCTURE 327 

A careful inves%atio]i was made by Rutherford and Aston as to 
the atomic weight of protoactinium — the immediate precursor of 
actinium — ^whose abbreviated chemical notation is quaintly Pa. It was 
found to be 231, and this figure fixes the atomic weight of the whole 
actinium family down to its ultimate lead (207). 

In 1929, the Royal Society held a conference on Nuclear Structure 
opened by the President (Rutherford) who pointed out that fifteen 
years earlier the Society had held a discussion on the Constitution of 
the Atom. At that time he had talked on the nuclear theory of the 
atom and the evidence in support of it, while Moseley gave an account 
of his X-ray investigations. Soddy had spoken of isotopes and referred 
to the work of Sir J. J. Thomson and Aston using positive rays and 
getting two parabolas for neon, suggesting that neon consisted of two 
isotopes. 

Since that time Aston had carried out a very careful measurement of 
the masses of many individual isotopes; alpha rays had ejected protons 
from many elements, perhaps twenty shots in a million being effective; 
and the theory of ‘potential barriers* round the nucleus had been put 
forward to explain experimental facts. 

Soon afterwards the President received a characteristic letter from the 
chemist, H. E. Armstrong: 

My congratulations! You were very clear and most interesting on 
Thursday (at the R.S.) and Aston was good — but what muffs the others — 
as speakers. You should have a private rehearsal of these discussions 
so as to coach people at least to speak up, speak out and address the 
house, not the screen ! You might, with advantage, add to your officials 
a teacher of elocution. Money spent in that way would give a far better 
return than much of that spent on research, so called I 

This year (1929) the British Association met in South Africa under 
the Presidency of Sir Thomas Holland. Rutherford went to it with 
his daughter and son-in-law while Lady Rutherford went for a motor 
tour in the Tyrol with fnends. The members of the Association had 
a strenuous time with visits to Johannesburg, Pretoria, Pietermaritzburg, 
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Grahamstown and back to Capetown. Rutherford was present and 
lectured at the centenary of the South African College, now the Uni- 
versity of Capetown. He also opened the new Physics Laboratory of 
the Rhodes University College, Grahamstown, called the de Beers 
Institute of Mathematics and Physics, in honour of the generous 
donor. 

Wherever he went Rutherford advocated research work both for its 
own sake and as a stimulus to sound teaching. 

No university, he said, is worthy of the name, that does not do 
everything in its power to promote original research in its laboratories. 
It is the duty of the university to see that its professors and teachers are 
not overburdened with routine teaching, but are given time for investi- 
gation and provided with research laboratory facilities and the necessary 
funds for this purpose. 

As Prof. Schonland once wrote: “Rutherford had no great liking for 
the attitude that scientific work could not be done because equipment 
or money was lacking; I remember him once replying to someone 
who made such a statement, that he himself could do research work at 
the North Pole!*’ 

Prof. A. M. Tyndall also writes: 

I was recorder for Section A and was therefore responsible for collecting 
papers for the programme, I approached Rutherford and mentioned 
my view that for South Africa where physicists were limited in number, 
the papers should not be too specialised. I asked him, therefore, whether 
he would care to choose a general title such as “The trend of Modem 
Physics’*. His reply was “The trend of Modem Physics? I can’t give 
a paper on that. It would only take two minutes. All I could say would 
be that the theoretical physicists have got their tails up and it is time 
that we experimentalists pulled them down again!*’ 

Some notes on the voyage are preserved in Eileen’s letters to her 
mother: 

S.S. Nestor — It has been very calm and hot for ten days and now is 
very chilly.. . .Dad seems in great form and has enjoyed the trip 
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cnonnously. He docs look well. We land tomorrow and it will be 
nice to be on dry land again. We are expecting to get a week-<end cable 
with some information about Peter — ^wc get rather impatient to hear. 


30 July, We are having a wonderful time in S. Afiica. We go from 
lunch party to motor drives and then dinner parties, so although I am 
fatter than I have ever been, I feel a trifle worn out. Capetown was 
a lovely place and Johannesburg is fascinating too. It is all built on 
different terraces which makes a place attractive and feels rather Hkc 
the hills outside Christchurch where the Scagers used to live. We 
are staying with very wealthy people here with a delightful, but not 
very big, house full of old furniture and lovely Persian rugs and 
a garden that would make you very happy. It drops away in terraces. 
The top part is full of English flowers and I have never seen or smelt 
such wonderful stocks in my life. Below are the cactuses and S. African 
rock-garden. It is supposed to be the most beautiful garden in Johaimes- 
burg, I was told. Daddy is staying at the main Club so will have 
a more restful time. He is very fit indeed and full of fun and cheerful- 
ness; you would be pleased. All our arrangements arc working out 
very well. So far we have had incredible weather, ceaseless sunshine 
and sharp mornings and evenings. We shall get a few days in Capetown 
at the end of our trip and are so looking forward to staying with the 
Beatties 


Rutherford wrote a full account to his wife and from his letters 
the following extracts are taken: 

Capetown: 23 July 1929. On Sunday Eileen, Ralph and a party climbed 
up Table Mountain and Eileen was as fresh as any of them, although 
Ralph and Schonland had had enough by the end of the day, so she is 
obviously pretty fit again. 

I had a very pleasant morning. General Smuts called and took the 
Beatties and myself and other friends to the Botanic Gardens, a sort 
of natural park on Rhodes" property. 

Thursday. We have had a very hectic week and there has been little 
time for rest or meditation. On Monday was the reception by the 
Mayor at which I spoke a few minutes — z pleasant function which 
passed ofl* with considerable ^clat. In the afremoon there was an 
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Opening Meeting at which the Governor General was present, when 
Hofmeyr, President of the South African British Association, gave an 
address quite eloquent but rather long — 

On Wednesday the University gave a big afternoon reception — ^about 
3000 guests at the new University Buildings at Groot Schuur, which 
are in a splendid scenic position up the mountain side with a view from 
the terrace of Table Mountain and in front of the Stellenbosch range 
of mountains — a magnificent panorama. 

Rhodes has left his house Groot Schuur for this very purpose of new 
University buildings. 

Today Ralph and I went to the Houses of Parliament and lunched 
with General Hertzog — ^Prime Minister — had a pleasant chat and met 
the Minister of Railways. This evening I have to give my Evening 
Lecture on the “Structure of the Atom” and so I did not go to the 
observatory this afternoon as I thought it better to have a quiet time 
after late hours yesterday The great event this morning was a dis- 

cussion on Life by General Smuts, followed by many other speakers — 
three and a half hours in all and apparently it went off well. . . . 

20 miles S, of Kimberley, In train 8 a,m,: 30 July, We left Capetown by 
the second train at 9.30 a.m. and had a beautiful view of the mountains 
all day long, but were well on the Karroo by 3.30 and in the Veldt 

by 6.30 We are now passing over the typical Veldt — everything 

fairly brown — ^with occasional kopjes in the distance. Nothing, but 
a few cattle and a railway cottage at intervals. . . . 

There followed an interesting visit to the mines at Kimberley where 
the party was hospitably entertained, but unfortunately there was 
a high wind so that “the dust flew about in showers”. On 4 August 
Johannesburg was reached: 

The city has extended very much in recent years and now occupies 
an area of about 30 square miles. The suburbs are built on small bills 
or kopjes and many of the houses are very fine and have large gardens. . . . 
We went to the New Modder mine — one of the latest, best equipped 
and most paying propositions on the Reef. The manager, Mr Meyer, 
was a very fine man and he showed us the whole plan of the mine and 
its workings while we saw all the surface machinery for grinding the 
rock and separating the gold 
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We got to Ladysmith after a slow and cold journey, about ii a,m. 
and took a motor in the afternoon to sec the sites of the battles in the 
Boer War; Waggon HiU, Spion Kop, etc. The hotel was comfortable 
with Indian waiters and Zulu houseboys. Started next morning about 
II for the Park, packed in the back of a Cadillac car, and made fast 
speed over rough roads and reached the National Park of Natal about 
3. It was a good exhibition of fast but good driving. With Ralph and 
me behind, the springs often came together with a real bump. We must 
have averaged over 25 miles per hour. Found our rooms very com- 
fortable. I have a rondavel to myself and Ralph and Eileen another 
close by. Meals arc simple but good, and there are about 60 or 70 
visitors who are able to dine at one time. The sanitary arrangements are 
of the old primitive type but well attended to, otherwise everything 
while quite simple is clean and comfortable. There is a fine view of the 
mountains on two sides and the higher points are covered with snow. 

We have seen baboons who abused us from the hill tops, a wild 
buck and a climbing rabbit. Although midwinter many of the flowers 
are out, but the grass is stiU brown, Roses are blooming in the garden 
and the mimosa is in full bloom. Altogether this is a pleasant place for 
a holiday and the sun shines all day but the temperature falls rapidly 
at sunset and I find it difficult to keep warm between 5 and 6.30 when 
we have dinner. . .. 

Yesterday we made the main expedition to the Sentinel — near Mont 
au Source — three of us and a young fellow Debenham who came to 
the hotel with us and is taking a six months' tour round S. Africa. 
We took four Basuto ponies and two guides, one Charlie a Zulu, 
who is the best man here, and another a Basuto. Left at 8.30 a.m. on 
a fine day and rode wherever possible as there had been a fall of snow 
a week before, and it was believed the path near the cave might be 
impassable for horses and not easy for footsloggers. We first mounted 
several thousand feet by zigzags through a gorge, and after two hours 
reached the divide which separates Natal from the Free State — a fine 
prospect over a wide mountainous area. After hard slogging we reached 
the Gap, our lunch place and had plenty of tea. On the route Charlie 
had descended 700 ft. to a stream to fill the can with water and carried 
it up 1500 ft. to our lunch place. Previous to this we had found snow 
on our track away ftom the sun and it was expected to be much worse 
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the last six miles on the journey. I parted with them at lunch and returned 
quietly with the Basuto and pony to the hotel arriving at 4.15 very 
tired as I had a bad cold coming on. The rest of the party returned 
at 8 very happy but stiff. They had reached the cave about 2.30 but found 
there was too much snow to climb the Sentinel, so they had tea and 
started home. They ate a prodigious dinner and went off early to bed 
and have rested today around the hotel. They had ridden and walked 
in all more than 25 miles on mountain paths and had done it in good 
time. They had a magnificent sunset and views over the whole range. 

The next letter gives an account of the expedition to the Game 
Reserve in Zululand: 

27 Aug. 1929. Eshowe is about 2000 feet high, a pretty and healthy 
spot, untroubled by malaria which affects the lower part of Zululand 
in summer. From Eshowe we started next morning for the Game 
Reserve between the rivers, the Black and White Umfalosi, about 20 
miles. After 60 miles on the main road through fine country, we took 
a track for 30 miles to the Reserve. We had chains on the cars, for other- 
wise we could not have got through the worst parts, and we bumped 
our way slowly through tracks over the fields. We lost our way several 
times but ultimately got on the right road to the Tsetse Fly Camp near 
the banks of the Black Umfalosi. About 20 miles from the camp we 
passed through the ‘Fly* belt where no cattle or horses can live but only 
man, goats and baboons ! Over this region the country is undulating 
with low hills and covered with such deep grass waist high that it is 
difficult to see the track for any distance. The vegetation and flora is 
typical of Natal — ^varieties of cacti, euphorbia, prickly pear, thorn trees 
and the Kaffirbaum with deep red flowers and no leaves. 

Arrangements had been made with the Administrator of Zululand 
to visit the station for research into tsetse fly under the scientific direction 
of Mr Harris who expected us, and had made arrangements for us to 
pass the night at his camp, which consisted of two buildings with cook- 
house and galvanised iron roofs enclosed with wire netting to exclude 
the mosquito. Actually during our visit in winter there is no danger 
from malaria, and none of us saw or heard a single mosquito during 
our trip, and there was no need to take the quinine which I carried 
with me. I was given a bed in the diningroom of Harris*s hut, while 
Ralph and Eileen and Mr Ellis had beds in a neighbouring hut, while 
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the ‘girls* arranged for their own accommodation — ^two sleeping in 
the car of which the front seat could be let down, and the other two 
m a tent provided by Harris. After a walk and a chat, wc had dinner 
in relays of six. There were eight of us — three scientific staff— a visitor 
Mr Jack — ^who is responsible for tsetse investigation in Rhodesia. The 
menu consisted of stewed guinea fowl — provided by Harris, and fruit 
tarts provided by the Ellises and plenty of tea. Harris had a Zulu cook 
who was not very efficient so he acted as supervisor and distributor — 
an amusing meal which reminded me of New Zealand days. We all 
turned in about 8.30 and I slept well but got up at 6 next morning, 
being provided with a cup of tea by Harris to fortify me tiU breakfast 
at 7 — porridge and kippers ! provided by the establishment. They were 
very anxious we should see a ‘white* rhinoceros, a distinct species only 
found in this game reserve and believed to be about thirty survivors 
in all. These rare animals are easier to approach than the black rhino, 
who is also much more pugnacious. There is Uttle danger of attack from 
the white rhino — ^who is not white, but a dirty grey, as I personally 
verified. These animals were mostly on the other side of the reserve 
about 12 miles away, so we arranged to go to another camp on the 
White Umfalosi — 12 miles away in a direct line but 20 miles by the 
road by motor. The majority of the party including Ralph and Eileen 
walked across with a native escort and Jack who carried a rifle, and saw 
a great variety of game including hartebeest, zebras, warthog etc. 
They had to wade across fords of the two branches of the Umfalosi 
infested by crocodiles but did not see any. I went with Harris in his 
motorcar — strongly springed, and he drove fast over rough tracks, so 
we bumped our way along in unforgettable style. His cook was in 
the back of the car and must have hit the hood many times for he 
bumped about like a pea in a bucket. 

We have arrived at the Marumba camp about 4 to find the walking 
party arrived. This camp was not occupied and consisted of a couple 
of small huts, and our party of twelve had to find accommodation. 
The lorry has brought a couple of large ground sheets so a rope was 
stretched between two trees and the canvas spread over and tied down. 
With dry grass brought by the natives accommodation for five was 
obtained. The girls camped in their motorcar and tent. Ralph and 
Eileen in one of the huts, Ralph on grass and Eileen on a stretcher, while 
I had a stretcher in the other hut. Harris slept in his motorcar. We slept 
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reasonably well but it is cold about 3 and Eileen and I found it cold 
underneath. We had a supper at 7 by the headlights of our motor — 
a stew of chicken, potato, peas, bacon and sausage with jam tarts to 
follow. We all turned in at 8.30. I got up to tea and a shave at 6 to 
find preparations for breakfast by the fire in order — bacon and eggs 
and sausage. It was a weird evening in this bare mud compound by 
firehght with Harris and his staff interviewing the native staff who 
control the game on the Reserve. About ten trackers went out before 
dayhght to mark down a rhino, and they were to signal by smoke 
when contact had been made. We drove down by motor over a rough 
road to the river, and about 10 a.m. we saw smoke and found that 
a rhino and her calf had been located about a mile and a half away. 
We then removed our boots, crossed the river, and followed the trackers 
in single file without making any noise. They found traces of the rhino, 
and found her lying down among the trees. We managed to get within 
20 yards without disturbing her, and saw what appeared to be a large 
greyish stone with a young one nearby. She rose up and faced us and 
looked nearly as big as an elephant and then the click of a camera 
startled her and she dashed off at high speed with the crash of the trees 
to mark her passage. Altogether everyone had a good view for a minute 
or so and it was a highly interesting experience. 

Everyone was very excited and we returned after seeing zebra, 
hartebeests, and warthogs on our way. We returned to the camp 
loaded up and off back to Eshowe where we spent the night. 

... I had a long talk with Harris on the tsetse fly problem and he 
told us what he was doing to reduce the number of the flies and study 
their habits. The main idea is to reduce the game in the reserves and so 
reduce the number of flies and their spread. The native hunters are 
systematically reducing the congestion in numbers and preventing the 
game passing out of the reserves. I saw lots of flies which seemed to 
like my stockings but had no serious bite. They say their direct bite is 
rather alarming but produces no more after effect than the bite from 
a mosquito. The control or reduction of the tsetse fly is the chief Afncan 
problem, as no cattle or horses can Hve in their radius of action. 

In a letter to her mother Eileen wrote: 

You can’t think how much Daddy enjoyed himself, he was the life 
and soul of the party.. . .The flowering trees in the country would 
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fascinate you. All over Zululand, where there wasn t sugar, all the 
creases in the ground where there was moisture were full of bright 
green palms and Kaffir boom trees — a tree with a brilliant scarlet 
flower and no leaves. Most tropical trees and flowers seem to be red. 
Aloes with flowers growing like great candelabras are out everywhere. 
When we get to the Cape all ffie heather will be fully out — The 
Euripides is going to be three days late in leaving Capetown. We 
sail at dawn on September 15th, so we won’t get to England till 
about October 2nd. It will be lovely to get home. 


Rutherford about this time was faced with a curious puzzle. Radium 
C' shoots out an alpha particle that will go three inches in air, uranium 
ejects one that will go but one inch. Why not then fire a radium C' 
alpha particle right into the heart of a uranium nucleus? It was tried 
and it did not work ! Some lame explanations were given and failed. 
Chadwick writes: 

The difficulty was too deep-seated. Classical mechanics failed to describe 
th^e events. The explanation was given by Gurney and Condon, and 
a year or so later, by Gamow, who pointed out that wave-mechanics 
allowed the alpha-particle to escape from a nucleus through the energy 
barrier which retained it, and did not force it, as did the classical 
mechanics, to climb over the top. 

Rutherford’s old research student. Dr R. W. Boyle, had done valuable 
work during the War with the Anti-submarine Division in developing 
the piezo-electric submarine detector initiated by Prof. Langevin of 
Paris. Boyle had then returned to Alberta University as Professor of 
Physics and Dean of the Faculty of Applied Science, and he there con- 
tinued research work on short sound-waves in water. His career 
suffered somewhat from the fact that for a time the Admiralty deemed 
it necessary to keep all his work secret and confidential, although as 
a matter of fact the main method had been described and published in 
Paris. 

The Canadian Government built and equipped a large National 
Physical Laboratory for scientific and industrial research at Ottawa. 
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Dr H. M. Tory was appointed Director and Boyle joined him as head 
of the department of physics. 

RUTHERFORD TO BOYLE 

10 Jan. 1930. I was very interested to hear of your work at Ottawa 
and I saw only this week an accoimt in Nature of the new buildings and 
staff. It must be very interesting work, but at the same time rather 
disturbing, as it prevents one getting on with a definite piece of investi- 
gation. The buildings seem to be planned on a fine scale and it is very 
interesting to see that Canada is developing so rapidly in these scientific 

directions As to the Cavendish Laboratory, the work goes on much 

as usual and we have a very good lot of men. Through Kapitza, we 
are erecting a Uquefaction plant for hydrogen which has many novel 
features designed by him which we hope will make it very efficient. 
We are hoping to make the preliminary trials this term. Liquid 
hydrogen is primarily intended for Kapitza’s own work on magnetic 
ckects at low temperature. We shall not try and provide it at the 
moment for general research purposes. We are also developing a high 
tension laboratory in order to produce high speed electrons and positive 
rays. We have made a good deal of progress and hope soon to produce 
experimental results. We have spent a good deal of time in the Labora- 
tory in developing methods of counting hydrogen particles in the 
presence of strong gamma rays. It is quite easy to count hydrogen 
particles by a number of methods, when gamma rays are absent, but 
it is a very difficult and unsolved problem to do the same in the presence 
of strong gamma rays from radium C and thorium C. We can now 
regularly count alpha particles and electrons automatically when 
required. 

You will have seen that we gave Geiger the Hughes Medal of the 
Royal Society. He came over to receive it and spent a day in Cambridge. 
He is doing fine work with his new electron counter especially on the 
very penetrating rays in the atmosphere. He is now professor at 
Tubingen where he is very pleased with the laboratory. 

On 29 Jan. 1930, the Council of the Institute of Electrical Engineers 
awarded Rutherford the Faraday Medal founded to commemorate the 
Fiftieth Anniversary of the Society of Telegraph Engineers (now the 
I.E.E.). The medal is awarded for conspicuous service rendered to the 
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advancement of electrical science, without restrictions. It has been 
awarded to Heaviside, Parsons, de Ferranti, J. J. Thomson, R. E. 
Crompton, Elihu Thomson, A. Fleming, G. Semenza. 

E. A. Milne wrote to Rutherford an interesting letter (i Aug. 1930) 
discussing his friendly rivalry with Eddington in his efforts to arrive 
at a satisfactory mechanics of the universe. He concluded: “Your 
uranium argument combined with my dense hot core suggest that the 
sun was thoroughly disrupted to the centre when the earth was bom.** 

On the death of Sir William McCormick, Rutherford was appointed 
by the Lord President of the Coundl to be Chairman of the Advisory 
Council of the Department of Scientific and Industrial Research. He 
put much thought, energy and enthusiasm into this work, for he regarded 
the prosperity of this country, of the empire, and of the world as 
dependent on the proper use and advancement of science and scientific 
method. 


This position brought him into close touch with many industries 
and he was in frequent demand for speeches and ceremonies. Thus on 
28 Feb. 1930, Rutherford opened the new High Tension Laboratory 
at the Metropolitan-Vickers Electrical Co. Ltd., TrafFord Park, Man- 
chester. The following are extracts from his address : 


Since the experiments of Benjamin Franklin on drawing electricity 
from the clouds and his proof that lighming is an electrical manifesta- 
tion, scientific men have always watched with interest, even with 
fascination, the beautiful and varied effects produced by high potential 
discharges in air and the marked changes which appear when the pressure 
of the air is lowered. In the Laboratory we have long had to content 
ourselves with the discharges produced by frictional machines and 
induction coils and the oscillatory discharges produced by a Tesla coil. 
With the advent of alternating currents high voltage transformers 
became more common. I remember seeing, in 1904, at the St Louis 
Exposition, an experfinent in which a transformer giving about half 
a miUion volts was attached to an insulated bare wire stretched for 
several hundred feet. The experiment was carried out in darkness and 
I recall the striking corona discharge along the whole length of the 
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wire, dissipating in the air the full power of the transformer. However, 
up to a few years ago potentials higher than 200,000 volts were seldom 
available in the Laboratory and it is only by much improved technique 
in producing high vacua that we have been able to maintain such a 
potential on the terminals of a highly exhausted tube — 

Although the discharge in gases at different pressures has been the 
subject of close investigation for more than fifty years, we are still 
far from obtaining a complete understanding of its mechanism. In 
fact we are just beginning to recognise that many of the explanations, 
hitherto given, only contain a small part of the truth 

There is one aspect of this high potential problem that specially 
appeals to me. I refer to the application of very high potentials to 
highly exhausted tubes in order to obtain a copious supply of swiftly 
moving electrons and charged atoms. As far as I am aware, the highest 
potential so far applied to a single discharge tube is about one million 
volts and this is a difficult technical problem. In these respects. Nature 
can far surpass our puny experiments in the Laboratory. In order to 
obtain alpha particles as swift as those spontaneously emitted by radium, 
we should require vacuum tubes that will withstand a potential of more 
than 5 million volts while at least 3 million volts would be necessary 
to obtain as swift electrons and penetrating gamma rays as those emitted 
by radium. There is some evidence also that the very swift electrons 
and highly penetrating radiation that are found in our atmosphere 
would require for their production potentials of the order of a lightning 
discharge, namely about 1000 million volts 

What we require is an apparatus to give us a potential of the order 
of 10 million volts which can be safely accommodated in a reasonably 
sized room and operated by a few kilowatts of power. We require 
too an exhausted tube capable of withstanding this voltage. I recom- 
mend this interesting problem to the attention of my technical friends. 
I sec no reason why such a requirement cannot be made practicable 
by the use of oil or air under high pressure, but these are problems for 
the future. 

A small but distinguished company were then shown a twelve-foot 
discharge due to a milHon volts, for one of the objects of the new 
laboratory was the production and measurement of such high voltages. 

Rutherford, within five years, saw his goal of safe, high-voltage 
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apparatus reached and applied in his own laboratory to the disintegration 
of atoms. 

The skill of Fleming and de Forest in their invention and perfection 
of electron tubes or valves brought wireless telephony into the field of 
everyday experience. In 1919 at a meeting of the Royal Society of 
Canada a woman singing in Montreal was just audible at Ottawa, 
180 miles away. There was justifiable excitement when Rutherford, 
speaking in England in the year 1930, was easily heard by a large audience 
of the Royal Society of Canada in the Moyse Theatre of McGill 
University. 

Speaking as President of the Royal Society, he said: 

Mr President and Fellows of the Royal Society of Canada and Colleagues 
of McGill University. 

Your President has given me the difficult task of making my voice 
audible to you over 3000 miles of land and sea — a truly formidable 
experiment even with the powerful help of modem Science. About 
three years ago I took part in the first radio conversation to America, 
between the Universities of Cambridge and Harvard. A friend of 
mine, who had perhaps suffered from the vigour of my voice, when 
he was told that I was heard clearly across the Atlantic, remarked 
‘why use radio?*. . . 

It is more than 20 years since I was a youthful Professor in McGill 
University and an active Fellow of your Society and I am glad that 
you still regard me as one of your Fellows. While I have followed with 
great interest and sympathy the remarkable expansion of the Universities 
of Canada and the rapid development of science in Canada, I have 
always retained a specially warm feeling of affection for my old 
University of McGill and a lively remembrance of the happy days of 
work and play in the Macdonald Physics Building. 

This address, quoted only in part, was to have been spoken at 
Cambridge at i a.m., Greenwich time, on 22 May, and to have been 
received on the previous day at 9 p.m. (summer-time) on 21 May, 
taking a fraction of a second to accomplish the journey. But a telegram 
was sent from Montreal to Rutherford, “Sunspot causing night static 
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Stop Please address Canadian Royal Society Tuesday afternoon 20th May 
5.45 daylight saving 4.45 Greenwich Cable quick reply. Eve, Montreal.” 

And so it was actually sent and heard at 12.45 p.m. local summer-time, 
at Montreal. After his formal address there was a two-way conversation, 
audible to the whole gathering, between Rutherford and several of his 
old friends in Canada : Sir Arthur Currie, Principal of McGill University, 
Sir Robert Falconer, Principal of the University of Toronto, Dr H. M. 
Tory, then Director of the National Research Council of Canada, 
and A. S. Eve, the President of the Royal Society of Canada, who 
pointed out that ten years earher they could just get wireless speech 
and song from Montreal to Ottawa, and that day (1930) quite easily 
from Montreal to Cambridge. “In ten years we hope to have not only 
your voice coming over, but also your picture on the screen.” 

Rutherford did not attend the Sixth Solvay Conference at Brussels, 
but he was not forgotten by his learned friends, who sent him their 
signatures on a postcard. 

On 13 Nov. 1930, there was a dinner at the Guildhall of the Associa- 
tion of Scientific and Technical Institutions with Rutherford in the 
Chair, at which H.R.H. the Prince of Wales spoke. It was at this 
dinner that Rutherford told his Hon and lamb story : 

A farmer, in the far West of America, read in his local paper that in the 
Zoological Gardens of a neighbouring city there was on view, every 
day, the spectacle of a lion and a lamb lying down peacefully together. 
He was so curious about this interesting phenomenon, that he took the 
trouble to make a railway journey to the city and visit the gardens; 
and there, to his surprise, were the Hon and the lamb, lying down peace- 
fully together, almost in each other’s arms. Curious and excited, he 
went to see the Keeper and enquired as to the genuineness of the show. 
“Yes,” said the Keeper, “it is quite genuine; it has been going on for 
three months”, and then, noticing the excitement and interest of his 
listener, he added, “but I don’t mind telling you that there have been 
a good many replacements.” 

In||^|li'ftutherford spoke very clearly and definitely on the “Trans- 
of Matter” to the Royal Institution. When protons are packed 
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tightly in a nucleus there is a change of mass as compared with free 
protons. The mass-change can be expressed as an energy-change. “Most 
atomic masses are not integers and the fractional excess of the atomic 
weight over the whole number represented the mass-defect and energy- 
loss incurred in binding the nuclear constituents together.” 

It was now nineteen years since Rutherford had written his great book 
on Radioactive Substances and the subject had branched and grown 
like a healthy tree. It was desirable to obtain experienced help from 
younger men and in 1930 appeared Radiations from Radioactwe Substances 
by Sir Ernest Rutherford, James Chadwick and C. D. Ellis (Cambridge 
University Press). It dealt, as the tide suggests, with radiations and in 
an encyclopaedic manner. This is a book not for the armchair, but 
to be kept constandy by the physicist’s side in his study or laboratory. 

On 14 December 1930 Rutherford’s daughter, Eileen Fowler, gave 
birth to a fourth child and all was going well when a clot of blood 
caused her sudden death on 23 December. Her mother was then on a 
visit to New Zealand. The loss of his only child, whom he loved and 
admired, aged Rutherford for a time; he looked older and he stooped 
more. He continued his life and work with a manful purpose, and 
one of the delights of his life was his group of four grandchildren. His 
face always lit up when he spoke of them. 



CHAPTER XIII 


LORD RUTHERFORD OF NELSON 

In 1931, the New Year’s Honours gave Rutherford to be created a 
Baron. He wisely decided not to change his name and became “Baron 
Rutherford of Nelson”, thus linking him- 
self with the town near which he was bom 
and at which he went to school. It was 
characteristic of the man that the first thing 
that he did was to send a cable to his 
mother in New Zealand. “Now Lord 
Rutherford, more your honour than mine, 

Ernest.” 

In the description of his arms, as given 
by the College of Arms, it is easy to discern 
Rutherford’s love of his old home in the 
Kiwi and the Maori; and the motto Primordia quaerere rerum fully ex- 
presses his search for the elements of matter. 

Ofhcial Blazon of the Armorial Bearings. 

Arms. Per saltire arched Gules and Or two 
inescutcheons voided of the first in fesse 
within each a Martlet Sable. 

Crest. On a Wreath of the Colours upon a rock 
a Kiwi proper. 

Supporters. On the dexter side a figure representing 
Hermes Trismegistus and on the sinister 
side a Maori holding in the exterior hand 
a Club all proper. 

A Committee of the Royal Society, with Lord Crawford and Balcarres 
as Chairman, arranged for a portrait (see frontispiece^) of Lord Ruther- 
ford, retiring President, to be painted by Mr Oswald Birlcy. This was 
* Published with the kind permission of the artist and the Royal Society. 
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done in the following year and a vigorous and pleasing three-quarter- 
length portrait of Rutherford has a prominent place among the portraits 
in the Royal Society rooms. 

On 20 May 1931, Lord Rutherford spoke in the House of Lords on 
Oil from Coal, a vexed and difficult question. 

There is the low temperature method, which might yield 7 per cent 
of oil, and the remaining material is a friable coke, which people will 
not bum so long as they can obtain a cheerful blaze from good coal in 
their home hearths. 

There is the hydrogenation method which means high temperature 
and high pressure and a satisfactory yield, so that our home coals could 
thus be converted into oils. 

Alas ! the method is so expensive that so long as natural oil flows 
in abundance out of the ground, it is far cheaper to bring it to our 
shores by inexpensive sea transport. One plant takes long to build 
and is easily bombed; it is as cheap to build 32 tankers! Rutherford 
said: “Carbonisation would give us a useful smokeless fuel and some 
oil, but advance, apart from the improvement of technical methods, 
depended not on science, but how far the nation was prepared to pay 
for a smokeless atmosphere. 

“The development of the hydrogenation method depended also on 
how far the nation was prepared to pay for its independence from oil 
suppHes from other countries. . . .*' 

This was Rutherford’s maiden speech and it made a good impression. 
At that time we were importing, and had to pay for, ^40,000,000 
of oil every year, so that he was well justified in adding: “it was in the 
national interest that researches in the general utilisation of coal for the 
production of oil should be vigorously prosecuted.” 

The next day his old friend G. Elliot Smith wrote: 

21 May 1931. Just a note of congratulations on the great success of 
your d^but yesterday. Your speech was splendid and your voice more 
clear and resonant than that of any other speaker. It was a pleasure to 
hear Lord Parmoor’s appreciative remarks. 
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One result of this speech is clear. Rutherford was now not only the 
leading man in Science, but he was also a public man. For the rest of 
his life he could not shirk this double duty. He endeavoured to avoid 
entanglement in political strife and was regarded by all parties as a man 
to be trusted and respected. 

To return to Rutherford*s scientific activities, he selected for one of 
his Royal Institution lectures the subject of “HeUum and its Properties”. 
The use of this gas for filling balloons and airships, to safeguard them 
from fire and explosion, had brought it into prominent notice. Fac- 
similes are given of the notes that Rutherford used in the early part of 
his lectures and the following account of it is taken from Nature 
(25 July 1931): 


The history of the discovery of helium presents some features of 
unusual dramatic interest. During an eclipse in 1 868, Jansen and Lockyer 
noticed that the visual spectrum of the sun’s chromosphere showed 
a bright yellow line of unknown origin. Later it was found that this 
line, and others that accompanied it, appeared not only in the sun, but 
also in many of the stars. Lockyer suggested that these lines were due 
to an undiscovered element, to which he gave the name heHum. 

Shordy after the discovery of argon. Sir Henry Miers sent a letter 
(i Feb. 1895) to Ramsay pointing out that the American analyst 
Hillebrande had observed that a considerable quantity of gas, supposed 
to be nitrogen, was liberated by solution of certain minerals containing 
uranium. Miers suggested that the gas might prove to be argon and 
not nitrogen. Following his suggestions, Ramsay purchased about 
a gram of the mineral cleveite from a dealer for three shillings and 
sixpence and proceeded to purify the gases evolved and to examine the 
spectra. A number of new lines were observed and a spectrum tube 
containing the new gas, temporarily called crypton by Ramsay, was 
sent to Sir WiUiam Crookes for a detailed study of its spectrum. 
Crookes reported tersely, “Crypton is Helium; come and see it.” 
Less than two months had elapsed, from the receipt of Miers* letter, 
to the announcement in the Paris Academy of Sciences, on March 26, 
1895, of the discovery of helium on the earth — a discovery of profound 
significance to the development of physics. It was soon shown that 
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helium is a monatomic gas of density about twice that of hydrogen 
and of atomic weight 4. We now know that it is the first of that remark- 
able group of inert monatomic gases, namely helium, neon, argon, 
krypton, xenon, and the radioactive emanations which have played 
such an important part in helping to fix the arrangements of the 
electrons in the outer atom. 

In 1903, Ramsay and Soddy found that helium was produced by the 
transformation of radium, and, as a result of a series of researches, 
Rutherford showed that the alpha particles which are ejected with 
great velocity from radioactive atoms are identical widi helium nuclei. 
It is probable that the greater part, if not all, of the helium found in 
the earth and in the natural gases escaping from the earth owes its 
origin to the alpha particles expelled from the radioactive elements 
during their transformation in the earth’s crust 

Helium is present in our atmosphere in small quantity, about one 
part in 185,000 by volume. In the early days, most of the helium used 
for experimental purposes was obtained by heating radioactive minerals 
and particularly the mineral thorianite from Ceylon. It was also found 
that helium is often present in considerable quantity in the gases escaping 
from hot springs and the natural gases from the earth’s crust. 

In 1914, Sir Richard Threlfall suggested to the Board of Inventions 
of the Admiralty that, on account of its Hghmess and non-inflammabiUty, 
helium might prove of great service for balloons and airships. Prof. 
J. C. McLennan was asked to initiate experiments to see whether 
helium could be separated in quantity from the natural gases escaping 
from the earth in certain districts of Canada which were known to 
contain about i per cent of helium by volume. Arrangements were 
made on a semi-commercial scale to purify the helium by liquefying 
the methane and other gases present. The impure helium was con- 
centrated in the non-liquefying portion. In this way, many thousands 
of cubic feet of helium were prepared and transported in cylinders 
at high pressure. About the same time, the Bureau of Mines of the 
U.S.A. began similar experiments on a large scale, using the natural 
gases of Texas, which are rich in helium. Large quantities of helium 
were separated by liquefaction methods, and the cost of helium was 
found to be sufficiently low to use it in airships in place of hydrogen. 
Apart from the cost of transport, the expense of separation of helium 
decreases with the concentration of the helium in the natural gases. 
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The commercial prospects of the use of helium in airships and other 
purposes have led to a search for rich concentrations of helium. 

In a later lecture of the course, Rutherford announced that the 
wearisome watching and counting the effects of alphas or protons 
striking a fluorescent screen was now happily a thing of the past. 
Today every particle moves an indicator forward one point, and the 
particles can therefore be counted in the same kind of way that turnstiles 
count the number of visitors to the Zoo. 

Some of the gas-filled valves (Langmuir’s thyratrons) thus employed 
are sensitive to sound and visitors to the laboratory were requested 
to speak low, not an easy thing for Rutherford to do, so that there 
is a httle humour in the photograph (Plate XIII). 

Rutherford wrote an article to The Times on “Faraday as an Experi- 
menter” as a prelude to the forthcoming centenary: 

In the history of the physical sciences in this country, three great names 
at once occur to mind, Newton, Faraday and Maxwell. Of these, the 
first is one of the great mathematicians of all time, the latter an accom- 
phshed mathematician, and both were endowed with unusual powers 
of physical insight. The other, Michael Faraday, had no mathematical 
training and not a line of mathematics appears in his papers. Yet in 
physical and philosophical insight he possessed the essential qualities 
of the theoretical investigator without his technique, and was also an 
experimenter of unrivalled powers. The story of the Hfe and work of 
Faraday has always exerted a strong appeal to the lay and scientific 
mind alike, not only as the record of a man of fine character and high 
ideals who rose from humble beginnings to the position of the greatest 
discoverer and natural philosopher of his age, but also as an example 
of the startling consequences that may result from the patient study of 
the workings of nature in the quiet of the laboratory, remote from the 
active aflfairs of life and without thought of material ends. Few if any 
men have accomplished so much for the advancement of knowledge 
or for the ultimate progress of the human race. 

In September of this year, there will be a celebration of the centenary 
of the discovery by Faraday of electromagnetic induction. Although 
this is one of the most important and striking of his discoveries, which 
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has uldmatdy led to the development of the great industry of to-day, 
yet it represents only one of a great number of brilliant experimental 
investigations which added so much to our knowledge of Electricity 
and Magnetism and Chemistry, . . . Faraday has often been called the 
prince of experimenters, and no one could deny his remarkable powers 
of penetration to the root of a subject by a number of well designed 

and well executed experiments It is a pleasure to-day to read his 

Collected Researches, published in four volumes. There is everywhere 
such a freshness of thought and oudook, combined with a clarity of 
exposition, that it is difficult to recall that most of his work was written 
nearly a century ago at a time when our knowledge of Electricity and 
Magnetism was srill in its infancy. 

Faraday was more than a great experimenter. He was a great Natural 
Philosopher. He sought by his experiments not only to accumulate 
new facts of nature and to show their relations, but also to understand 
the physical processes which underUe the phenomena under investiga- 
tion. 

An opponent of the mathematical school of action at a distance, he 
continuously advocated the importance of the surrounding medium 
as the seat of the electrical and magnetic forces. This was visualised by 
him by the conception of curving lines of electric and magnetic force 
which are universally employed to-day. 

The importance of these physical ideas was fully recognised by 
Maxwell who had the genius to formulate and generahsc them in 
mathematical form and gave us for the first time a satisfactory theory of 
electromagnetic action. 

The rest of this interesting article dealt with Faraday’s experimental 
research and his written records. The reader cannot fail to be impressed 
by the fact that much that is said about Faraday and his work appUes 
with no less force to Rutherford himself. 

At his Centenary in Sept. 1931 there was a universal chorus of praise 
and admiration for this great man, Michael Faraday. It was then 
a hundred years since he had made the first transformer, winding a ring 
of iron with two coils, one connected to a galvanometer, the other to 
a battery. Change of current in the battery circuit created a transient 
current in the galvanometer circuit. Astounding ! — but we have become 
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familiar with it. Not so Einstein, who wrote: “I believe that future 
generations yet have as much to learn, as has been learnt in the past, 
from Faraday’s conception of the electromagnetic field.” 

At the Meeting, Rutherford spoke of Faraday’s powers of co- 
ordinating various branches of Science: 

When we consider the Ufe work of Faraday, it is clear that his researches 
were guided and inspired by the strong belief that the various forces 
of nature were inter-related and dependent on one another. It is not 
too much to say that this philosophic connection gave the impulse 
and driving power in most of his researches and is the key to his 
extraordinary success in adding to knowledge. 

The more we study the work of Faraday with the perspective of 
time, the more we are impressed by his unrivalled genius as an experi- 
menter and natural philosopher. When we consider the magnitude 
and extent of his discoveries and their influence on the progress of 
science and industry, there is no honour too great to pay to the memory 
of Michael Faraday — one of the greatest scientific discoverers of all 
time. 

The celebration of the Centenary of the birth of James Clerk Maxwell 
was held at Cambridge on 30 Sept. 1931, soon after the meeting of 
the British Association in London and the Faraday Commemoration 
at the Royal Institution. 

Rutherford wrote an account of Maxwell’s Hfe and work for The 
TimeSy and a few extracts may be quoted : 

Maxwell not only adopted and developed the ideas put forward 
by Faraday, but had the genius to give them their true mathematical 
form. In his famous Electromagnetic Theory of Light, he was the 
first to foresee that electrical waves could be produced, and he identified 
their mode of propagation with the known properties of hght. 

It was not until ten years after his death that Hertz in a wonderful 
series of experiments showed that the existence of electrical waves 
could be demonstrated in the Laboratory, and determined their proper- 
ties. At the beginning of his experiments, he had been unaware of 
Maxwell’s theory, but soon found that all his results were in complete 
accord with the mathematical predictions of the theory 
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Maxwell’s main ideas and conclusions have stood the test of time, 
and illustrate his remarkable powers of sciendhc judgment and of 
physical insight into the processes of nature. When we recall the 
practical applications of electric waves as a means of world communica- 
tion, and the still recent triumphs of broadcasting, so much of which 
we owe to the early experiments of Lodge and Marconi [he might have 
added ‘and myself*], we should fittingly honour Maxwell as the great 
pioneer of radio-communication; for he had not only the genius to 
foresee that electric waves must be produced, but had given the complete 
theory of their generation and propagation long before their existence 
had been suspected by science. 


To commemorate Rutherford’s sixtieth birthday (30 Aug. 1931), 
Otto Hahn and Lise Meitner wrote an appreciation to Die Naturwissen-- 
schaften (1931, 35, p* 7^9): 

He stands at the height of his creative power, highly esteemed by his 
colleagues, admired and loved by the great host of his pupils who work 
directly or indirectly in the sphere of radioactivity, and on this day will 
be paid to him in the highest measure the tribute of the recognition 
of the whole scientific world. We too, who have experienced the exten- 
sive growth and maturity of his great services, would like to take this 
opportunity of expressing our grateful respect. 

What a wealth of brilliant discoveries and original creation does the 
career of Rutherford show! To present them in detail the whole 
development of physics and modem chemistry would have to be 
described Professor Rutherford, to whom the highest scientific dis- 

tinctions and honours have been assigned, has himself erected the fairest 
memorial in the minds and gratitude of his followers. 

RUTHERFORD TO HAHN 

2 Sept. 1931. On my return from a holiday by the seaside in Dorset 
with the grandchildren, I got your telegram of congratulations on my 
doth birthday. It is pleasant to be remembered in this way by one’s 
friends but I am glad to say I do not feel as ancient as my years suggest. 
In any case, we are told that time is an illusion ! I have to report that 
I am still very fit and well and able at any rate to drive the other fellow 
to work 1 
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You will have seen our papers in the P.R.S. on alpha rays and gamma 
jrays. I am hopeful that the point of view of the paper by Elhs and myself 
on the origin of the gamma rays will prove helpful in throwing light 
on that subject. 

We are all very well and the grandchildren are strong and growing 
apace. I thank you and Miss Meimer for your good wishes and hope 
you are all flourishing. 

On 30 September, Lord Rutherford and Prof. Samuel Alexander were 
the chief guests at the Manchester University dinner held at Frascati’s, 
with the Chancellor, Lord Crawford, presiding. In his speech Ruther- 
ford said that at Cambridge one might sit next to a man for forty years 
without knowing whether he had a wife, mother, or sister; whereas, 
before he had been at Manchester a week, he knew his colleagues and 
their wives and was calling their children by their Christian names. 
“I owe a great debt to Manchester University”, he said, “for the oppor- 
tunities it gave me for carrying on my studies. I do not know whether 
that University is really aware that during a few years from 19 ii 
onwards the whole foundation of the modem physical movement came 
from the physical department of Manchester University.” 

In 1931 at a dinner of* 1 85 1 Scholars ’held in London, when Rutherford 
presided, he said: 

Only by chance, am I present. As a student of Canterbury College 
I was candidate for an 1851 Scholarship; there was another New 
Zealand candidate, MacLaurin. Both of us were strongly recommended 
by the examiners, and eventually it was decided that the candidate with 
the pubUshed thesis should have the scholarship. MacLaurin had pub- 
lished his in a Utde book; I had not. But MacLaurin had married a wife 
and therefore could not come, and that is why I am present as your 
Chairman. 

A t this time Ruthe rford was elected a Commissioner of the 1851 
Exhibition and three years later he became a member of the Board of 
Management. 

Years before, the Commissioners had promised three large contribu- 
tions towards a Science Museum to be erected in successive stages. When 
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the second payment was due it was realised that the Scholarships would 
have to be seriously curtailed and a case was presented to the Govern- 
ment asking for release from payment; this appeal fell on stony ground, 
and the case seemed hopeless, but at the next meeting of the Board, 
Rutherford, feeling strongly, again attempted to protest, but all he 
could blurt out was: “If it had not been for these scholarships, I would 
not have been.’* That did the trick. A new approach was made, the 
Chancellor of the Exchequer relented, and the Scholarships are still 
as numerous as they wei;c before. 

At an earlier date (1921) he reported to Lord Esher that he was in 
favour of the award of five Senior Scholarships (;(]400 for two years) 
to be given only to men of exceptional promise and not awarded at all 
unless very definite evidence were forthcoming. 

In the last year of his life he was supporting the award of an 1851 
Exhibition Scholarship every year to a suitable student from India, 
thus securing for that country a status similar to that of the Dominions. 
When he went to McGill he assured the Secretary that he would 
take a great interest in future Exhibition Scholars, and indeed he did 
so at Montreal, Manchester and Cambridge. 

Rutherford never threw down the ladders by which he had climbed, 
but always acknowledged with frankness and enthusiasm the benefits 
he had derived from earlier days, whether it was at home, school or 
college — Cambridge, McGill or Manchester. For example, in 1932, 
he wrote an article for the McGill News and began with this kindly 
foreword: 

I gladly accede to the request of the Editor of the McGill News to 
give a brief statement of recent work in Cambridge on the Trans- 
mutation of the Elements for two reasons, one personal and the other 
historical. With regard to the fint, I have always retained a Uvely 
interest in the progress of McGill University since my happy days there 
long ago, and this interest has been maintained by the migration of 
many research students from McGill to work with me in Manchester 
and Cambridge. Now that nearly thirty years have passed since the 
first direct evidence was obtained of the transmutation of matter,* I 
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think wc can view with some perspective the gradual development of 
our ideas on this subject. I should like to take this opportunity to 
emphasise that the credit of the first definite proof of atomic trans- 
formation belongs to McGill University. It was in the Macdonald 
Physics Building in the years 1902 to 1904 that Soddy and I accumulated 
the experimental evidence that the radioactive elements were under- 
going spontaneous transformation. The disintegration theory, advanced 
in explanation of the observations, has stood the test of time and formed 
the basis of all subsequent developments. 

The next stage in advance (1919) was a proof that certain elements 
could be artificially transmuted by bombardment with the alpha-rays 
of radium and it should be noted that it was in McGill, in 1903, that 
the true nature of this radiation, which has played such a great part 
in the development of physics, was first disclosed. There is a saying 
that ‘it is the first step that counts*, and it is clear that to McGill belongs 
whatever credit is due for the early ideas and experiments, which 
opened up the way into the unknown which all subsequent investi- 
gations have followed. 

From the year 1930 onwards, Rutherford was in public demand to 
an ever-increasing extent. At the Royal Society on 20 April 1932, he 
gave a clear and sober account of the great results obtained by Cockcroft 
and Walton in the Cavendish Laboratory, and at the same meeting 
Chadwick described the steps leading to his discovery of the neutron. 
The proceedings were sedate compared with the lurid accounts in the 
press. It was explained also that lithium has mass 7 and a proton mass 
I, so when a proton enters the lithium there is a nucleus of mass 8. 
This proves to be unstable and divides itself with violence into two 
nuclei, each of mass 4, our old friend the helium nucleus, alias alpha 
particle. 

Lithium and hydrogen give 2 heliums. 

On 30 April, Rutherford was called upon to respond to the toast 
of ‘Science’ proposed by the President of the Royal Academy of 
Arts. 
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Rutherford admitted that 

Science has contributed litde to that form of art which is so finely 
represented around us. After all Art flowered long before science or 
the scientific method had taken root. . . .Yet I think that a strong claim 
can be made that the process of scientific discovery may be regarded 
as a form of art. This is best seen in the theoretical aspects of Physical 
Science. The mathematical theorist builds up on certain assumptions 
and according to well understood logical rules, step by step, a stately 
edifice, while his imaginative power brings out clearly the hidden 
relation between its parts. A well constructed theory is in some respects 
undoubtedly an artistic production. A fine example is the famous 
Kinetic Theory of Maxwell, the centenary of whose birth we celebrated 
last year. The theory of relativity by Einstein, quite apart from any 
question of its validity, cannot but be regarded as a magnificent work 
of art. . .. 

I should like to mention one case where the artist — quite un- 
knowingly — ^has been able to provide valuable data for science. The 
clay from which the Greek potter made his beautiful vases more than 
2000 years ago always contained some magnetic oxide of iron. At 
a certain stage of the cooling, after firing, (he iron particles arc very 
susceptible to the action of magnetic forces, and orient themselves in 
the direction of the earth’s magnetic field. The direction of this mag- 
netisation was fixed permanently when the vase cooled and since wc 
know the vase must have been always in a vertical position during the 
firing, the scientific man can find the direction of this magnetisation 
and thus fix the inclination or ‘dip’ of the earth’s magnetic field at the 
time and for the place where the vase was made. By this curious 
observation wc have been able to extend our knowledge of the secular 
variations in the earth’s magnetic field to a remote epoch more than 2000 
years before the importance of such measurements was recognised. . . . 

The importance of science to the modem state is increasii^ly recog- 
nised in these days, and there never was a time when science was in 
a more flourishing state, judged either by our extensions to our know- 
ledge of the workings of Nature, or by its applications to industrial 
problems. It is a time of intense intellectual activity, rich in the develop- 
ment of new ideas and methods. For nearly three centuries this country 
has produced its full quota of great pioneers both in pure and applied 
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science and it sdll continues to do so. Qmte recendy there has been 
much interest taken by the cultivated public in the meuphysical aspects 
of science, especially those of theoretical physics. Some of our publicists 
have boldly claimed that the old ideas which served science so wcU in 
the past must be abandoned for an ideal world where the law of 
causality fails, and the principle of uncertainty, so valuable in the proper 
domain of atomic physics, is pushed to extremes. The great army in 
its march into the unknown discusses with interest, and sometimes 
amusement, these fine spun disputations of what is reality and what is 
truth. But it still goes marching on, calling out to the metaphysicians 
“there are more things in heaven and earth than are dreamt of in your 
philosophy**. 

He concluded: 

Even in these times of financial depression there is every reason to 
foster the development of Science and the Arts. “Man does not live 
by bread alone** and we may be sure that the position of our Empire 
in the world of to-morrow, if not of to-day, will be estimated not 
so much by its material wealth as by its contribution to the world in 
Arts and Science. 

On 7 May 1932, the 46th Article on Scientific Worthies was con- 
tributed to Nature^ on Rutherford, by Maurice, Due de Broglie, a 
French savant who had himself made contributions to modem physics. 

The article was a summary of Rutherford’s scientific work and it 
contained an important statement: 

Recent theoretical views suggest that a mechanistic view of Nature 
cannot be pushed beyond a certain point, and that the fundamental 
laws can only be expressed in abstract terms, defying all attempts at 
an intelligible description. The philosophy of science has always swung 
between these two points of view. The work of the great physicist 
(Rutherford) to whom these lines are dedicated shows, however, to what 
brilliant discoveries the method followed by Lord Rutherford can lead. 

Marconi, Nobel Laureate for Physics {1909), was awarded the Kelvin 
Gold Medal by the Institution of Civil Engineers, a medal which had 
been previously awarded to Unwin, Elihu Thomson, Parsons and 
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Blondel. On 3 May 193a, this medal was presented to the Marchese 
Marconi by Rutherford, who first referred to the successive works of the 
pioneen, Clerk Maxwell, Hertz, Branly, Lodge, Popoff and Jackson, 
and continued: 


It was at this stage, in 1895, that Marconi began his experiments in 
Italy. He was so firmly convinced of the practical possibilities of this 
new method for the transmission of signals that he came to England 
to develop his ideas on a practical scale. His initial experiments in 
England were carried out with the assistance of the late Sir William 
Preece and the Post Office,. . .Marconi gradually extended the range 
of signalling from two miles to twenty, and finally, in face of the 
predictions of some of the theories of that time, showed that signals 
could be transmitted over 2,000 miles across the Atlantic — 

While it is natural in such a great technical advance that many scien- 
tific men from all parts of the world should have played their part, 
yet I think that all a^ree that the world owes much to that great pioneer, 
the Marchese Marconi, for his persistent faith in the possibilities of 
wireless, and for his inventive ability and power to overcome the many 
obstacles in his path, leading to complete realisation of his early dream 
within less than twenty years — truly a magnificent accomphshment ! 

I may recall that in my youthful days in Cambridge I was myself 
interested in electrical waves, and devised in 1896 a simple magnetic 
detector for these waves. I am glad to know that Marconi was able to 
develop and transform the germ of this simple device into a reliable 
and metrical detector which for ten years or so gave useful service to 
mankind 

I am sure that if Lord Kelvin were here to-day he would acclaim 
this award as to a kindred spirit, for Lord Kelvin combined to an 
extraordinary degree the quality of great theoretical insight with the 
power to realise his ideas in a practical form. It is interesting to recall 
on this occasion that Kelvin, in 1853, was the first to give the complete 
theoretical explanation of the oscillatory discharge of the Leyden jar, 
later verified experimentally by Feddersen, a theory which lies at the 
basis of all methods of generating waves. 


In the Royal Society discu^ on (a8 Apri l gn^tbc !Sttuct^^ 
of Atomic Nuclei’ Rutherford gave a useful summary of the situation 
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as it then stood. Briefly, the points that he made were: aednium- 
lead has an atomic weight 207; the actinium family begins with an 
isotope of uranium; oxygen has three isotopes 16, 17, 18; carbon 
two, 12, 13; beryllium two, 8, 9; boron two, 10, ii; Urey and others 
have found that hydrogen has an isotope of mass 2. He said that 
wave-mechanics had given an explanation of the Geiger-Nuttall rule 
“connecting the velocity of escape of an alpha particle from a radioactive 
substance and the length of its average life”. The shorter the life, the 
greater the velocity, and there is an exact mathematical relation. 
“Unfortunately it has not so far been possible on any theory to give 
any detailed picture of the structure of a nucleus.” Gamma rays come 
from a change in the alpha-ray energy levels, probably. There are at 
least nine different groups of long-range particles from radium C', 
and five distinct groups from thorium C'. There is a mystery in the 
fact that some beta rays have a wide range of energies, though the 
next radioactive products seem to be identical. 

This summary, not quite complete, indicates how Rutherford brought 
together facts for his audience, and how he faced difficulties which were 
naturally increasing with the extension of knowledge. There is at least 
as much complexity in a heavy nucleus as in a solar system. 

BOHR TO RUTHERFORD 

2 May 1932. By your kind letter with the information about the 
wonderful new results arrived in your laboratory you made me a very 
great pleasure indeed. Progress in the field of nuclear constitution is 
at the moment really so rapid, that one wonders what the next post will 
bring, and the enthusiasm of which every line in your letter tells will 
surely be common to all physicists. One secs a broad new avenue opened, 
and it should soon be possible to predict the behaviour of any nucleus 
under given circumstances. When one learns that protons and lithium 
nuclei simply combine into alpha particles, one feels that it could not 
have been different although nobody has ventured to think so. Perhaps 
more than ever I wish in these days, that I was not so far away from you 
and the Cavendish Laboratory, but die more thankful I am for your kind 
communication and the more e;^cr to learn about any fiirther progress. 
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It is indeed a very pleasant though modest task to speculate about the 
present situation in atomic physics. As you know, I have in these years 
been especially interested in the foundadon of the new mechanics and 
its limitations. At the end of my Faraday lecture, of which I send a copy 
by the same post, I introduced a few remarks about the possible failure 
of energy conservation as regards electrons in nuclei, and in an account 
to the Rome congress, which I hope to send you soon, I have entered 
into more detail of the theoretical side of this problem. If it should 
be possible to excite electron emission from nuclei by means of the 
recently discovered powerful agencies, it would perhaps be possible 
to settle this fundamental problem. A few days ago I got a very interest- 
ing letter from Madame Joliot, who thought that she had got evidence 
of such electron emission under the influence of the radiation from 
beryllium, but I suspect that the beta ray tracks on her photographs 
were due to Compton effects in the atoms of the walls of the Wilson 
chamber rather than to nuclear excitation of the gas atoms within the 
chamber. In connection with the calculations discussed under our 
Easter conference, and of which I think Fowler has told you, I shall 
be very interested to learn whether any new evidence is obtained 
regarding the direct effect of neutrons and the electrons in the atoms 
through which they penetrate. I am preparing a small article about 
our discussions of the new aspects of the atomic collision problems 
of which the interactions between neutrons and electrons form so 
striking an example. 

Our small conference was a very pleasant and instructive experience 
to us all, and we were especially glad to sec a number of our English 
fiiends on that occasion and from Fowler to learn about things in 
Cambridge. As we spoke of at the unforgetful Maxwell celebration, 
my wife and I hope very much to see you and Lady Rutherford here 
in Copenhs^cn. We had reckoned on moving into our new home 
at Carlsberg this ‘spring and hoped that you perhaps would visit us 
already this summer, but the restoration of the house has been more 
slow than expected, and we shall not get into it before July. We hope, 
however, very much that you and Lady Rutherford will come and stay 
with us there in the early autumn when the Danish scenery is still at 
its best. I need not say, how great an experience your visit to Copen- 
hagen would be to all Danish physicists, and if you, as we hope, should 
be willing to give us an address about any subject you like, our scientific 
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societies will consider it a great honour indeed if they may extend to 
you an official invitation. Above all, however, my wife and I myself 
would consider it a most lucky start of our new home if you and 
Lady Rutherford would be our first guests there. 

At the opening of the newly erected and extended research laboratories 
of the British Cast-iron Research Association at Birmingham Lord 
Rutherford laid emphasis on the necessity of using 

the comparative shelter of a protective tariff to develop particularly 
that research work which experience has shown is absolutely essential 

if any industry is to compete on equal terms in the world of to-day 

Even the hardest heads are aware that research is profitable and necessary, 
and fail to encourage it because they lack the means rather than the 

will On one point I am quite clear, the public will expect that any 

industry that is protected by a tariff should be thoroughly aware of the 
need of organisation and of scientific research. 

RUTHERFORD TO GEIGER 

2 SepL 1932. First let me thank you for your kind letter of congratula- 
tion on my 6ist birthday and for your good wishes. They were happy 
days in Manchester and we wrought better than we knew. I also have 
received your article in Metallwirtschaft on my noble self and my virtues — 
but no mention of my sins — which I read as far as I was able with much 
interest and remembrance of old days. 

I have just returned from a seaside holiday with the grandchildren 
in Dorset where we had a happy time and on the whole reasonable 
weather. Fowler was there and we all — children and grown ups — 
bathed in the sea together — I have heard about the Heidelberg offer 
and congratulate you on this honour. I can appreciate the difficulty 
of coming to a decision where so many factors are involved. You 
will have seen our recent papers on the beta and gamma rays in the 
P. R. S. The outlook seems promising 

A suitable method of obtaining protons in great numbers is to pass 
an electric discharge through gas at a low pressure. For example the 
passage of a current of one-thousandths part of an ampere through the 
tube corresponds to the bombardment of the cathode by about 6000 
million million protons per second. To obtain an equal number of alpha 
particles we should require more than 100 kilogrammes of radium. 



THE NEUTRON 


In 1932 Rutherford gave the Thomas Hawksley Lecture before the 
Institution of Mechanical Engineers on ‘Atomic Projectiles*. It was 
a lecture full of interest and new material. It sounded a note of victory. 
In his own laboratory, the Cavendish, he and his students were using 
600,000 volts to speed up bombardment with protons (hydrogen 
nuclei). In California, Lawrence and Livingston had invented the 
cyclotron which urged electrons forward in a spiral of semicircles in 
a magnetic field, and, by reversing at the right instant a modest field 
of 4000 volts, it gave the electrons a velocity due to many million volts, 
with further great possibilities. Mme Curie’s daughter Irene had married 
Prof. Joliot and the Curie-JoHot discovery of the effect of alpha rays 
on berylhum had led to the identification by Chadwick of the long- 
sought neutron, a particle about as massive as a proton, but apparently 
without a charge. This weird particle had the very properties which 
Rutherford had foreseen and stated in his second Bakerian Lecture. 
The neutron would sometimes wander or be drawn into the nucleus 
of an atom and cause its transmutation. If it entered oxygen, the change 
was to carbon; if nitrogen, it transmuted into boron. Again if protons 
were hurled at the clement lithium, some few would be captured and 
in that case the lithium atom split into two alpha particles which parted 
with great velocity, almost equalling that of the alpha particles from 
thorium C', some of the swiftest known. 

In bnef: JBe +lHe -► '.C + In, 

berylhum and alpha give carbon and neutron; 

+ *gC+JHc, 

oxygen and neutron give carbon and alpha; 


nitrogen and neutron give boron and alpha. 

Prof Johot told me an interesting story of his work with his wife, 
Irene Curie, on the effect of alpha rays on berylhum. Although they 
both followed all pubheations with care and interest they had not 
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read Rutherford’s second Bakerian Lecture, because “in such lectures 
it is rare to find anything novel which has not been published else- 
where”. Joliot stated that if he and his wife had read Rutherford’s 
prophetic suggestion about the neutron in the Bakerian Lecture, it is 
possible or probable that they would have identified the neutron in 
place of Chadwick. 

At last, in 1932, the public imagination was fuUy aroused; something 
had happened at Cambridge; Rutherford and his young research 
students J. D. Cockcroft and E. T. S. Walton had hurled protons, 
with a voltage exceeding 600,000, at lithium, and the lithium had split 
violently into two fragments, each helium. There were numerous 
interviews, articles in the papers, good pictures of apparatus in the 
Illustrated London News and the Sphere and best of all this telegram from 
the United States: 

Lord Rutherford, Cavendish Laboratory Cambridge. 

American Scientists inform us our story on work Doctors Walton 
and Cockcroft not sufficiently clear regarding nature experiments stop 
we have therefore sent this telegram each them and if you are familiar 
with our organisation we will deeply appreciate any assistance you 
may be willing give us stop Telegram follows quote the Associated 
Press of America serving about 1400 newspapen in North and South 
America would be deeply grateful if you will grant us an explanatory 
interview on your recent experiments in splitting the atom stop We 
have in mind nothing sensational and will be only too happy submit 
article your approval before sending New York stop We have a very 
good reputation among scientists for our handling of scientific news 
and frankly so far what we have sent New York has not been as clear 
as we would Uke otherwise we would not be bothering you with this 
request stop We would like to send a man to Cambridge to see you 
write his article there and show it to you stop please reply prepaid. 

The answer has not been found; but some papers continued to talk 
nonsense about splitting the hydrogen atom. 

The way in which the neutron was discovered is of great interest. 
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Prof. Bothe of Giessen found that alpha rays from polonium striking 
a layer of the Hght element beryllium instead of giving rise to proton 
gave a very penetrating radiation like gamma rays. The Curio-Joliots 
in Paris, husband and wife, repeated this, but put a screen of paraffin 
wax in the path of the apparent gamma rays. Protons were knocked 
out of the wax ! Chadwick at the Cavendish found that the nuclei of 
many other elements besides hydrogen got shrewd knocks from the 
unknown radiation. On further investigation Chadwick, on 27 Feb. 
1932, claimed that he had found the neutron, a chargeless body with 
about the mass of the proton, which will wander through most matter, 
but is specially checked by the hydrogen in water or paraffin. 

The curious thing is that a neutron seems to ignore an electron — 
whereas it has hostiUty to a proton and deals it a blow to an extent 
depending upon their mutual speeds. As to other nuclei, it may knock 
them forward, or it may walk inside one and transmute it. Queer 
things, neutrons! They demand quite a revision of modem atomic 
physics. 

Rutherford gave two lectures at Copenhagen on 14 and 15 Sept. 1932, 
and at the close it fell to his old pupil Niels Bohr to move a vote 
of thanks. He described Rutherford’s successive triumphs as being 


crowned by the fundamental discovery of the atomic nucleus which 
has caused so unexpected and immense development of physical and 
chemical science. He knew always how to use some new phenomena, 
which to others might appear insignificant, as a key to further develop- 
ments. He was able to prove that the atomic nucleus may be broken 
up by alpha particles, by which a new epoch in science was begun, as 
it was shown, for the first time, that an element can be changed by 
external agencies. In his lectures he has given us a most vivid impression 
of the vigorous and fruitful attack on the problem of the inner structure 
of the nucleus, which he and his collaborators arc making. When we 
think of the smallness of the nucleus, we remember that its size compared 
with the atom by Lord Rutherford was illustrated by a pin head 
compared with a well-sized lecture room, it is amazing how great an 
amount of knowledge has already been collected in this quite new 
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domain of human experience, a domain which is perhaps the most 
important and most promising of all — 

It is always a new and wonderful experience to hear him lecture, 
not only on account of the new and important progress which he every 
time, as in these lectures, has to tell about, but we always get a re- 
newed enthusiasm for the beauty of the subject and a fresh courage 
to the best of our modest powers to contribute to the great common 
aim. 

In the evening Bohr again warmed to his subject at the Banquet of 
Danmarks NaturwidenskabeUge Samfund given in honour of Ruther- 
ford: 

This afternoon I had the honourable but hopeless task in a few words 
to picture the unique position of Lord Rutherford in the world of 
science, a position which rests for all times on his many great discoveries, 
of which several may be said to be epoch making, if the word ‘epoch* 
could be reasonably used in relation with the short time intervals he 
had allowed to pass between them. I shall not expand on this subject 
to-night, but Lord Rutherford’s discoveries do not exhaust the picture 
of him, in which his pupils and his friends rejoice. When Lord Rutherford 
visited Copenhagen twelve years ago, I had opportunity in this society 
to reproduce a number of stories which circulate among the pupils 
in his laboratory, in the inspiring atmosphere of which I had the good 
fortune to work for a time. I shall not repeat these stories to-day, 
the more so because Lord Rutherford last time reproached me for telling 
stories against him. Still the jest of these stories is not a maUcious one, 
but an emphasis of his purity of zeal and direemess of methods in 
dealing with difficulties in his work and the deficiencies of his col- 
laborators. If a single word could be used to describe so vigorous and 
manysided a personality, it would certainly be ‘simplicity*. Indeed, 
all aspects of his life are characterised by a simplicity of a similar kind 
to tliat which he has claimed of nature, which he is able to discover, 
where others before were not able to see it. It is his simplicity and 
self-forgetfulness which allow him to use all his moods in the best way 
for the progress of his work. In his usual bright spirit he sees always new 
and hopeful openings in any kind of difficulties, and his courage and 
cheerfulness extend themselves to everyone who works with him; at 
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the same time he knows how to use his temper, which he docs not try to 
hide, to a sound criticism of his own efforts and those of his assistants. 
To the pupils in his laboratory it is often as if the sun suddenly began 
to shine when he arrives in the morning; but sometimes it is as if the 

sky was darkened by a thimder cloud In such moments everyone 

is of course afraid of him, but not more so than we dare to confess. 
All know that, if he has time and leisure, as he surprisingly often has, 
he is just as willing to attend to the youngest student and if possible to 
learn from him, as he is to listen to any recognised scientific authority. 
Not least is this entire disregard of social standing, the background 
not only for the unlimited admiration of his pupils but for their com- 
plete devotion. These same characteristics which make him the truest 
of friends have not only been essential for his work and for the successful 
administration of the great institution he is leading, but have also 
proved most helpful in treating matters at large relating to scientific 
education and research in his country, from the government of which 
he has received the external recognition which corresponds to the unique 
position he has long ago acquired in the minds and hearts of all his 
fellow-scientists. We wish him all happiness which life can bring; 
that in many years to come he may retain his power and his youth for 
the progress of science and the benefit of mankind and to the pleasure 
of his fnends. 

A. SMITHELLS TO RUTHERFORD 

12 Nov, 1932. Yes, I have enjoyed it very much — I mean your Hawksley 
Lecture. It was brought to my bed with the Times and I read the lecture 
right through first, though I didn’t mean to. 

The fact is I feel about your stories just as I used to feel about my 
favourite stories when I was a small boy — I want to hear it all again 
from the beginning, especially as I can always expect a little extra 
surprise bit. That is really the situation, my dear man, and it is not 
a case of second childhood in the bad sense. 

How refreshing it is to sec the great things for true science still being 
done by fine laboratory work and good honest mechanics (I mean 
the science!). It is really saying a good deal to say that I can quite 
weU follow what you have done and said, but I believe I can. 

As for this last version of your doings I think it is one of the best 
you have given. Having said all this I should naturally like to find 
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a few faults. I think I noticed a questionable piece of grammar some- 
where but I cannot find it. I don’t know why Coulomb’s law should 
break down when things get near any more than gravitation does — 
but if you say it should — all right — know my place ! 

After such reading my mind always fastens on the Proton — I wonder 
what you have in your head — in your mind’s eye — when you think 
of it. 

I don’t know whether anyone has invented any guts for it. 

The New York Times Magazine declared that a distinguished stranger 
dined at the high table at Trinity College, Cambridge and fell into 
conversation with his table companions. One of them he long re- 
membered because of the unusual range of his conversation. He was 
a large and heavily built man with a shaggy moustache — altogether 
a most imscholastic figure to encounter at Trinity’s high table — and 
his conversation was in keeping with his appearance. It roamed far 
and wide. Presendy it was rambling about the Dominions, and by the 
time the port had arrived it was aUghting on the subject of farming, in 
which it appeared to find itself most remarkably at home. 

“Who was that Australian farmer that I sat next to?” the stranger 
inquired after dinner. 

“That was Lord Rutherford”, he was told. 

The journalist continues this imaginative and imaginary statement 
with a truer picture: 

To see him and to talk to him is to feel that nothing in the man’s 
appearance affords the faintest clue to his immense scientific prestige, 
except his eyes. You feel that a man with eyes so alive, so shrewd, so 
penetrating must have something out of the ordinary within him. And 
so he has 

It has not fallen to many, even of the greatest scientists, to command 

so enormous an influence in his owm lifetime as Lord Rutherford In 

England his speeches are reported as fully as the Prime Minister’s. 
He is one of the best of speakers, with a robust wit and a gift of marvellous 
clear exposition, . . . and he has a bluflhess and heartiness in keeping 
with his big physique. 
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Mary Andenon (Madame de Navarro) ‘ has similarly recorded her 
impressions : 

At the back of the Burkitts* garden is a small green door which leads 
to the house of Lord Rutherford^ the eminent physicist. When going 
there, I was shown how I could save a walk by using it. Lady Rutherford 
has a lovely garden, in which she rightly has great pride. Their home is 
altogether fresh, gay and charming. Wherever he is, Lord Rutherford 
seems to radiate brighmess. His zest for good stories, his recounting 
of boyhood experiences on the farm in New Zealand are refresliing. 
His power of concentration is remarkable; during their visit to us I have 
observed him at a game of billiards, or even bagatelle — while he is 
playing he is oblivious to all else; Jos^* says he is the same at golf. 

Lord Rutherford tells me that each night he extemporises a serial 
bed time story to his small grandson. The child (who is very like him) 
listens with intense concentration and if his grandfather is guilty of 
the slightest discrepancy, he pounces upon it at once. Truly “ The child 
is the father of the many 

There is something arresting about Lord Rutherford’s appearance, 
whether it is the piercing expression of his eyes, or the natural energy 
of the man; his voice is resonant, his conversation animated and vivid. 
An unselfconscious, victorious personality. He takes his greatness in 
his stride and leaves it at that. That is how Lord Rutherford impresses me. 

On one occasion the Rutherfords were guests at Broadway and 
Mme de Navarro invited them to go with her to Stratford-on-Avon 
to see The Merry Wives of Windsor. Rutherford was rather unwilling, 
because he declared that “I should only show my crass ignorance. 
You know, for forty years they’ve been trying to civilise me, and you 
see what a hopeless mess they’ve made of it!” However he went and 
enjoyed every minute, leading the house in his laughter and applause, 
even drumming with his feet. On the return Journey to Broadway 
he held forth with enthusiasm and good judgment on all the points 
of the play, and at the end Madame asked, “Where is this crass 
ignorance you spoke about?” 

* A few more Memories (Hutchinson). 

* J. M. de Navarro, Mary Anderson’s son. 
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It was at Broadway too that Rutherford met two distinguished 
generals, who had served in Gallipoli and Palestine, and the conversation 
turned on the campaigns of Alexander the Great. Rutherford joined 
in the conversation and eventually took the lead and gave an intimate 
account of Alexander’s campaigns. The secret was that he had an ex- 
cellent memory and visualised events so clearly that he could reproduce 
a faithful and vivid picture of what he had read long before. 

A bare record of facts conveys but a poor idea of the spirit of 
enthusiasm and excitement pervading the Cavendish Laboratory at this 
period; it was all energised by Rutherford who would often telephone 
to some young research student after midnight to learn the results of 
an experiment and to discuss its bearings on the new ideas arising from 
Chadwick’s discovery of the neutron, or Cockcroft and Walton’s 
artificial transmutations by the bombardment of elements with protons. 
Only those who have lived through the experience and have themselves 
worked during such an extraordinary epoch of discovery can under- 
stand the happy exaltation of spirit due to high success in scientific 
research, to which they too have made some contribution. No one 
enjoyed all this more than Rutherford. 



CHAPTER XIV 


THE PEAK LOAD 

1933 was a banner year for science. Anderson of Pasadena discovered 
that the cosmic rays striking heavy matter sometimes gave rise to positive 
electrons, having the same mass but opposite charge to the ordinary 
electron, which is negative. This new constituent of matter has been 
called, wisely or unwisely, the positron. Its existence was soon con- 
firmed by photographs, taken by Blackett, of tracks in the Wilson 
expansion chamber. This is one of the most remarkable discoveries 
in the whole range of scientific experience. It seems to be true that 
a photon, that is a gamma ray, may pass near the nucleus of an atom and, 
disappearing, give birth at the same moment to both an electron and 
a positron. The gamma ray is then said to ‘materiaHse*. 

As Newton happily wrote: ‘‘The changing of Bodies into Light and 
of Light into Bodies is very conformable to the Course of Nature 
which seems delighted with Transmutations.*’ 

Early in this same year, Urey and his co-workers in the United States 
managed to separate out heavy water, built up of oxygen and hydrogen 
as usual, but with the hydrogen atom of double mass. The discoverers, 
surely entitled to christen their child, called the whole atom ‘deuterium’ 
and the nucleus thereof ‘deuteron’, or for a time ‘deuton’. There was 
an agitation in England to use the terms ‘diplogen’ and ‘diplon’. 
The symbol for this nucleus is or ?D, as against [H for the proton. 
The whole atom may be denoted by D, so that heavy water is DjO. 

The name matters little, the important point is that D can be separated 
from H during electrolysis, or rather D^O from H^O. 

Some of this precious fluid, heavy water, was sent to Rutherford 
who used deuterons in place of protons wherewith to smash his atoms, 
and they were highly effective. 

But apart from this, Rutherford and Oliphant, following a wise 



THE PEAK LOAD 


368 THE PEAK LOAD [l933 

forecast of Gamow, built apparatus giving lower voltage and larger 
current and obtained disintegration with voltages as low as 40,000. 

Another triumph of the same two workers was to drive protons into 
boron, and the total atom broke into three alpha particles, thus: 

*5B + ;H-3lHe. 


boron and proton give three alphas. 

So, at his Royal Institution lectures Rutherford had much to talk about 
that was new and fascinating. He also, greatly daring, took a mixture 
of hydrogen and helium gases, drove their ions along a partly exhausted 
tube with 20,000 volts, and deflected them with magnetic and electro- 
static fields, producing thus two parabolas, or curves, of the separated 
gases; thus he demonstrated]. J, Thomson’s famous positive ray ex- 
periments to a large audience. 

There was also a discussion at the Royal Society on the nature and 
properties of heavy hydrogen and of heavy water. Soddy objected to 
the term ‘isotope* being applied to heavy hydrogen because the term 
was first used to indicate that two elements were inseparable and this 
did not apply to deuterium and hydrogen. Bohr declared that they 
were both hydrogen, having the same nuclear charge. 

Rutherford’s concluding remarks dealt with this point: 


I am sure you will all realise what an extraordinarily interesting subject 
this is. Though there are only a few people who have as much as a cubic 
centimetre of this heavy water, I hope some of our commercial chemists 
will see that we are able to get it by the litre, and then we can have 
a very interesting discussion in six months’ time on the results that will 
follow from that. I commend that to any of our industrial friends who 
may be present. It requires a lot of work to get 100 c.c., and a fairly 
big bill for electricity at the price you have to pay for current in a rural 
district like Cambridge. 

The general discussion has been most interesting, and I am sure you 
would like me to say a word about Professor Soddy’s communication. 
Professor Soddy was the discoverer of isotopes, and quite properly 
he gave the definition first that they were more or less inseparable and 
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occupied the same position in the periodic table; but a good deal of 
water has flowed under the bridges since he made that discovery, and 
now from the scientific point of view we do not regard an isotope as 
merely inseparable; we luve come to bodies that have the same nuclear 
charge, and I think in that respect no one will doubt that heavy hydrogen 
has the same nuclear charge as hydrogen and has one electron attached 
to it; and therefore, unless we are going to cliange the whole nomen- 
clature, I think the name isotope will have to be retained. 

I can, of course, quite understand Professor Soddy’s point, that he 
applies the name to things that are almost inseparable and with no 
differences except, possibly, almost second-order effects in the spectrum, 
and now the name is given to this heavy hydrogen, and apparently it 
can be separated, and has all kinds of different properties; but it is all 
due to the fact that one mass is twice the other; they are still isotopes. 
That is the essential point, and I should like to be able to convince 
Professor Soddy that in using the name isotopes we are not hurting 
his reputation but rather improving it. 


On 3 February, the new Royal Society Mond Laboratory was 
opened by Mr Stanley Baldwin, then Prime Minister and Chancellor of 
the University of Cambridge. Rutherford furnished copious notes for 
the speaker’s use and included the phrase ‘ try-out’, which was adopted in 
the speech. There followed an amusing series of letters in The TimeSy 
some attacking Baldwin, and others defending liim, for the use of such a 
word. This afforded some amusement to Rutherford, who was the 
real culprit, and he asked Baldwin how he hked the role of ‘whipping- 
boy’. 

The money for the laboratory was given by the Royal Society from 
the Ludwig Mond Bequest and it was devoted to building a laboratory 
largely for the development of the advanced type of physics due to 
Kapitza in the Cavendish Laboratory. Beyond the window on the right 
of the door was carved a crocodile by Eric Gill at the express wish of 
Kapit2Mi. It is said that this animal never turns back, and was accordingly 
regarded as a symbol of Rutherford’s scientific acumen and career. 
It is also said that the crocodile is regarded in Russia with mingled 
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awe and admiration. Inside is a bas-relief bust of Rutherford, and a 
medallion of Mond, both done by Eric Gill. 

In this laboratory Kapitza used a current in a coil which gave a 
magnetic field greatly exceeding all others contrived, but lasting only 
for a hundredth of a second — “a long time if you know how to use 
it**, said Kapitza; “I want only a thousandth of a second for my experi- 
ment.” The current during that brief period exceeds the total current 
output of the great Deptford power-station. 

In his address Rutherford thanked the Chancellor for finding time 
in the midst of his heavy responsibiUties to open the new laboratory 
and added : 

The opening of this Laboratory is to me an important event, repre- 
senting as it does, the culmination of my hopes during the last decade. . . . 
Kapitza thought that the very large momentary expenditure of power 
required could best be provided by short-circuiting a large electrical 
generator of special design and then breaking the current after an 
interval of about a fiftieth of a second by means of a special automatic 
break I have taken an almost paternal interest in these new develop- 

ments, but it is to the energy and enthusiasm of Professor Kapitza that 
we owe die forging of these new and powerful weapons to research 
which have added so materially to the possibilities of investigation in 
new fields at Cambridge. 

RUTHERFORD TO HEVESY 

3 April 1933. I find I have not answered your last letter. I am glad to 
hear of the success of your experiments on the alpha rays from samarium 
and wish you all good luck in your other researches along these lines. 
You will have seen in Nature the letter about the positive electron. 
I am very pleased that we have been able to get it in a laboratory 
process as we may be able to find out something of its properties. 
The results seem to me very definite and conclusive, but it is difficult 
to see at the moment how this new entity fits in with the theoretical 
scheme. Oliphant and I have been very busy on our experiments of 
transmutation with protons up to two hundred thousand volts. We 
arc able to get about a thousand times as many particles as Cockcroft 
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and Walton at the same voltage. We have made a special examination 
of boron and hope to publish the results in a month or so. 

We have of course all been very interested in following the progress 
of the new government in Germany and in particular the anti-semitic 
troubles. I hope you are in no way affected by this strange effervescence. 
I see that Einstein has resigned liis Berlin post but I presume he is 
financially well fixed in the U.S.A. due to the special endowment 
there. 

We are of course hoping to visit you in Freiburg in the middle of 
June if the situation in Germany has improved. Naturally we will 
not think of going if it should prove any inconvenience to you in these 
times. We have not yet made our plans but our general idea would be 
to spend a few days with you in Freiburg and then possibly go on to 
Switzerland for a short stay. 

We have had one of our grandchildren Pat, aged 6, staying with us 
for a couple of months and we have all been very pleased to have 
such a jolly youngster round the house. 

We are all very well. Fowler returns from California early in May. 

Our experiments on the long range alpha particles from radium C 
have come out in fine style and we hope to throw new light on the 
origin of the gamma rays. 


The Halley Stewart Laboratory at 30 Chesterford Gardens, Hamp- 
stead, was opened by Rutherford in April. This was a notable benefaction 
to King’s College, University of London, by the Halley Stewart Trust, 
for research in the physical sciences and in particular for the prosecution 
of Appleton’s researches on the electrical properties of the upper 
atmosphere. Rutherford took a great interest in this new departure, 
for Appleton opened up these new methods of attack on tlie constitution 
of the upper atmosphere when he was working in the Cavendish 
Laboratory in Cambridge in 1924. He had used wireless stations at 
Cambridge and at Oxford and proved the reflexion of radio waves from 
a height of about 60 miles, thus confirming the speculation of Heaviside 
and Kennelly, after whom this lower region is named. 

Appleton also discovered another region, now bearing his name, 
at two or three times the height of the lower layer. Rutherford pointed 
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out that these regions must have free electrons present, which cause 
reflexion and refraction; without such ionised regions it would be 
impossible for wireless waves to travel great distances round the earth 
as they undoubtedly do. 

On 9 May 1933, Rutherford spoke in the House of Lords on the 
Rubber Industry Bill which was concerned with the question of com- 
pulsory contributions for five years to a Research Association. 
Rutherford’s main point was one of general principle : 


From some points of view the question before us is a small one. From 
another point of view it is one of real importance. It is a test of the 
attitude of the forces that govern this country towards scientific research 
in its application to industry. As a man of science who has had some 
opportunity of seeing the fruits of scientific inquiry into industrial 
problems I am convinced that research is a potent weapon for combating 
the evils of waste and inefficiency in industrial production. I hope that 
the House in passing this measure will give an unmistakable declaration 
of its faith in the application of scientific methods and knowledge as 
a means of keeping tliis country in the forefront of progress. 


On 2 June, Rutherford gave the Boyle Lecture at Oxford dealing 
with the Transmutation of Elements, beginning: 

The possibility of the transmutation of the elements has always exercised 
a profound fascination for the minds of men since the dawn of science. 
Following the rapid development of accurate knowledge of chemistry 
in the nineteenth century, the feasibility of the transmutation of the 
atoms faded into the background. Later Faraday wrote: “To decom- 
pose the metals, to reform them and to realise the once absurd notion 
of transmutation — these arc the problems now given to the chemist 
for solution.” 


He then reviewed the progress of Physics, the discoveries of the 
electron and its ways, radioactivity, the nucleus, and the triumph of 
the transmutations of several elements. 

After the lecture, questions were invited and a member of the 
audience pointed out that one of Rutherford’s conclusions did not tally 
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with the results of a certain physicist — naming a lady. Rutherford 
replied: “That was on account of her apparatus — it was like this — she 
had a very broad beam — At this point the audience became hilarious, 
for there were many undergraduates present. The meeting broke up 
without further discussion. 

On 1 1 May, Rutherford spoke on the radio from Broadcasting House, 
London to the Fifth Pacific International Science Congress meeting 
at Vancouver in British Columbia. This was a large undertaking requiring 
co-operation between the British Post Office, the B.B.C., Bell Telephone 
Co. of Canada and the Canadian Marconi Co. There was a seven-minute 
speech and three minutes of amusing impromptu conversation, between 
London and Vancouver, which was broadcast throughout Canada. 

Rutherford dwelt on the importance of the Pacific Ocean and of 
its scientific exploration and development ; 

For science is international, and I trust will ever remain so; and it is 
meetings like yours to-day that help much to bind closely the tics 

between men of different countries and of different creeds Scientific 

research in the Pacific problems was inaugurated by the British Govern- 
ment and the Royal Society of London, more than a century and a half 
ago, when they together sent Captain Cook on liis first voyage in the 
Pacific. With him went Sir Joseph Banks and liis retinue of scientific 
observers. On his return from liis famous voyage, Captain Cook was 
elected a Fellow of the Royal Society and awarded the Copley Medal 
for his scientific contributions. As a New Zealander I take pride in the 
initiative of the Royal Society in this famous voyage of discovery. 
RUTHERFORD TO BOYLE 

28 July 1933. I was very pleased to hear from you and glad that my 
radio address to Vancouver went off all right. I was pleased to have 
a chat with old friends under these unusual conditions, 

I am sorry to hear that the hard times have affected the laboratory 
and I am sure Tory has a hard task in keeping things going. Undoubtedly 
things have improved a little in this country but the situation in U.S.A. 
at the moment docs not look too promising and no doubt has a serious 
repercussion in Canada. 

I daresay you have seen that we have been very active in the laboratory 
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here the last two years in connection with transmutation. I fmd the 
position very similar to that in the old days in Montreal when every 
week brought a new development. Professor Lewis of California sent 
me a sample of his water rich in H* isotope and we have used it in our 
work. We fmd we can easily detect the transmutation effect of 60,000 
or 70,000 volts. We have confirmed some of the results found by Lewis 
in California in connection with lithium, but have examined the matter 
in more detail with some interesting results. We find that lithium 
under proton bombardment in addition to the main range of 8*4 cm. 
gives two short additional groups of ranges about 7 and 12 millimetres; 
we do not yet know the interpretation thereof. Walton and Dee have 
been taking Wilson photographs of the effects and have confirmed the 
results which we hope to publish in the September Proc. Roy. Soc. 

Work on the positive electron goes on rapidly and it looks as if the 
positive and negative electrons can be bom in the strong nuclear field 
probably under varied conditions, e.g. gamma-rays, neutrons or elec- 
trons of sufficient energy. 


At the Meeting of the British Association at Leicester, Rutherford 
described the recent great developments in physics and chemistry. He 
recalled that at Leicester in 1907 Lord Kelvin had declared the atom 
to be an indestructible unit, eternal in its nature. Since that time very 
many transmutations had been effected by deliberate experiment, but 
he added: 

These transformations of the atom are of extraordinary interest to 
scientists but we cannot control atomic energy to an extent which 
would be of any value commercially, and I believe we are not likely 
ever to be able to do so. A lot of nonsense has been talked about trans- 
mutation. Our interest in the matter is purely scientific, and the 
experiments which are being carried out will help us to a better under- 
standing of the structure of matter. 


Primordia quaerere rerum ! 

On Tuesday evening, 3 October, there was a great meeting of 10,000 
people at the Albert Hall when Rutherford made the opening speech 
from the chair: 
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This meeting has been called to consider a problem of great magnitude 
and of ever increasing urgency — the problem of the relief of German 
refugees. 

The appeal is for a fund to be employed for the relief of students, 
University teachers and members of the professional classes for which 

co-operating associations have been formed The Academic Assistance 

Council has a hst of more than a thousand University teachers of all 
grades, men of science and learning, who have lost their posts and 

their opportunity to continue their specialised work This problem 

must be approached in no petty spirit of national or sectional hostiUty, 

and with the complete absence of any spirit of political antagonism 

Each of us may have his own private political views, but in this 
work of relief all such political differences of opinion must give way 
before the vital necessity of effectively conserving this great body of 
learning and skilled experience which otherwise will be lost to the 
world. 


Rutherford, with upraised hand, with a sweeping gesture towards 
Einstein, who was sitting by his side, said “Ladies and Gentlemen, my 
old friend and colleague, Professor Einstein. “ 

The professor spoke in English, with much restraint, on “Science 
and Civilisation”, pointing out how great had been the gifts of liberty 
to mankind — 

Hberty without which life to a self-respecting man is not worth living 

It cannot be my task to act as judge of the conduct of a nation which 
for many years has considered me as her own; perhaps it is an idle task 
to judge in times when action counts. To-day the questions which 
concern us are: How can we save mankind and its spiritual acquisitions, 
of which we are the heirs? How can we save Europe from a new 
disaster?. . . 

It is only men who are free who create the inventions and intellectual 

works which to us modems make life worth while Men in their 

distress begin to think about the failure of economic practice and about 
the necessity of political combinations which are super-national. Only 
through perils and upheavals can nations be brought to further develop- 
ments. May the present upheaval lead to a better world. 
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After Rutherford had thanked Einstein, there followed a great and 
moving appeal by Sir Austen Chamberlain: 

Every now and again the world is shocked and moved by some great 
catastrophe of nature, but we are faced to-day with something worse — 
a catastrophe produced by the act of men — with destruction and 
suffering not less acute or widespread, not as a result of the uncontrollable 
forces of nature, but as a result of the selfish passions of man. We may 
protest, we cannot alter; but we can do something to alleviate the 
suffering which has been so needlessly caused, and secure for the human 
race a development of the gifts with wliich God has endowed His 
people, whether they be bom in one country or another. 

In 1933 Rutherford became President of the Academic Assistance 
CouriciI,”v\®ch aimed at raising a million pounds to alleviate distress. 
Every effort was made to avoid the incitement of political passions. 
In July 1935 the name was changed to the Society for the Protection 
of Science and Learning. Rutherford wrote two appeals for funds to 
The Times — ‘The Wandering Scholar" (3 May 1934) and an ‘Appeal 
Letter* (16 Nov, 1934). He insisted on non-political action by the 
Society. He was ably supported by the two Honorary Secretaries, 
Sir William Beveridge and Prof. C. S. Gibson. When the funds were 
almost exhausted, the Imperial Chemical Industries presented ^2^00 
to the Society. 

Up to 1937 about 1600 professors and research students had been 
displaced and of these 507 were permanendy placed and 308 temporarily ; 
there were about 300 seeking positions. The Secretary, Mr Walter 
Adams, has stated how unsparing of rime and effort, how efficient 
in Committees, how painstaking about individual cases, was their 
President up to the very end. 

Sir William Beveridge, Master of University College, Oxford, has 
kindly contributed a note on this great undertaking: 

The Academic Assistance Council was conceived at a week-end which 
I spent at Cambridge in May 1933 with George Trevelyan. Most of 
the week-end was spent on consultation with Trevelyan, Frederick 
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Hopkins and Rutherford in making the first draft of the Memorandum 
which was subsequendy issued when the Council was launched. 

It was Rutherford’s attitude more than anything else which made it 
possible to launch this scheme with the hope of general scientific 
backing. I found him in a state of explosive indignation at the treatment 
that was being meted out in Germany to scientific colleagues whom 
and whose work he knew intimately and respected in the highest 
degree. It was his (and to a less extent Hopkins’) support that obtained 
for the Council later the facilities of the Royal Society rooms for 
meetings, and it was also through him that Professor C. S. Gibson 
was enlisted to become the effective Honorary Secretary to the Council. 

Rutherford himself was of course up to the eyes in other work and 
I remember that Lady Rutherford was rather vexed with me for urging 
him personally to take any part in the Council. The fact that he did 
finally agree to become a member of the Executive Committee of the 
Council, if established, and later its President, was decisive for its 
launching and its success. 

It is hardly necessary for me to emphasise the immense support 
that the weight of his name and authority gave to all our work. Above 
all he stood for insisting that we should do something practical to help 
and that we should avoid politics and recriminations. 

Lord Dawson of Penn, Lord Rutherford and Sir John McLennan 
were three moving spirits in starting the Radium Beam Therapy 
Research at the Radium Institute. The object was the treatment of 
cancer of the tongue and upper air passages by the gamma rays from 
five, or more, grammes of radium enclosed in a massive bomb, with 
a window through which the radiation could pass to the patient. The 
scheme was made effective by the loan of radium by the Radium Beige 
Co., and by financial support from the Medical Research Council, 
the Royal College of Surgeons, the Department of Scientific and 
Industrial Research, the Radium Institute, the Imperial Cancer Cam- 
paign, and other bodies. 

Viscount Samuel has published in Belief and Action (p. 300) an 
interesting letter written to him by Rutherford in 1933 stating his 
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views on the Principle of Indeterminacy or Uncertainty. A few words 
of explanation may be desirable. It had been shown by Heisenberg 
(1927) that when an electron is under observation it is impossible to 
determine with certainty both its position and its velocity. The product 
of the two errors, of position and momentum, will always equal 
Planck’s constant h, a small known quantity. The smallness has nothing 
to do with the principle at stake. This uncertainty is not due to the 
observer’s shortcomings, it is inherent in Nature. What an electron 
may do when it is not under observation is a question which may readily 
be asked, but can never be answered. Wc know nothing of the un- 
observable, and can only guess about that which is not observed. This 
principle of uncertainty is believed by many eminent physicists to 
upset the principle of causation—of cause and effect — which Ues at the 
root of science. It seems that Bohr, Eddington and Schrodinger take 
this view, while Einstein and Planck take the opposite. 

Rutherford wrote (1933): 


While the theory of indeterminacy is of great theoretical interest as 
showing the hmitations of the present wave-theory of matter, its 
importance in Physics seems to me to have been much exaggerated 
by many writers. It seems to me unscientific and also dangerous to 
draw far-flung deduction from a theoretical conception which is in- 
capable of experimental verification, either directly or indirectly. 


The subject is however still open to discussion and appendix iv in 
Viscount Samuel’s book gives an interesting account of his own views. 

The beginning of the year 1934 afforded one of those startling and 
almost unbehevable advances in physics, namely the discovery in Paris 
by the Curie-Joliots of artificial radioactivity. The procedure was to 
bombard the element boron, in any form such as boracic acid, with 
alpha rays from any radioactive material such as polonium. Trans- 
mutation takes place, the boron turns into an unusual form of nitrogen 
(13) and a neutron is ejected. So far there is nothing remarkable. But 
examine the nitrogen! It is unstable and breaks down into carbon, 
throwing out a positron. But that is not all. The nitrogen atoms do not 
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suddenly turn into carbon, but are quite deliberate about it. Half of 
these atoms have changed when a few minutes have passed. Indeed 
they are radioactive elements, made so artificially, but obeying the 
old Rutherford and Soddy law, with the period to half-value of 14 
minutes. Rutherford was interested and surprised at the news, and at 
the slowness of the change, but he said “that shows how little we know 
about radioactivity**. 

In the same way aluminium exposed to alpha rays gave rise to radio- 
phosphorus, which broke up into an ejected positron and silicon; so 
too with magnesium, which gave rise to radio-silicon and that to 
aluminium. It is obvious that enormous possibilities were thus opened 
up, because other bombardments of other elements might be made 
with various nuclei as bombs, so that all kinds of artificial radio- 
elements might be made with widely varying periods to half-value. 

In March 1934, Rutherford lectured at the Royal Institution on 
the ‘Transmutation of Elements*: 

The first definite evidence that an ordinary element can be transmuted 
by artificial means was obtained in 1919, when it was found that some 
of the atoms of nitrogen could be transformed by bombardment with 
alpha particles. Occasionally an alpha particle may enter the nitrogen 
nucleus which then breaks up with the emission of a fast proton and 
the formation of a new element, an isotope of oxygen of mass 17. 
The resulting atom has a nuclear charge i unit higher and a mass 3 units 
heavier than nitrogen. A similar type of transmutation has been found 
to take place in a number of hght elements. 

A new and remarkable type of transformation has been found to occur 
when alpha particles bombard the light element berylUum. No proton 
appears but in its place a new type of unchanged particle of mass i 
called the neutron is liberated with high speed. Fast neutrons have re- 
markable powers of penetration of matter and in turn are able to produce 
a transformation in a number of elements through which they pass. 

It is to be noted that heavier elements are thus produced in both these 
cases. The neutron can be used as a bomber: 

10 + ii->*iC + lHe 
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or, oxygen and neutron give carbon and alpha particle, or helium 
nucleus. 


Such equational statements of results are now very numerous. Every 
element has been transmuted up or down into heavier or lighter 
elements; and it rejoiced Rutherford to see the artificial transmutation 
of matter give rise to artificial radioactivity. 

On 28 Feb. i934» Dr J. Stark, an illustrious physicist, President 
of the Physikalisch-Technischen Reichsanstalt, wrote to Rutherford 
protesting against a letter published by Nature on 23 Dec. 1933, written 
by Prof. A. V. Hill. Rutherford collected opinions from eminent 
colleagues and wrote a friendly, firm reply, concluding as follows: 


I myself would deprecate any criticism of a foreign Government in 
a publication like Nature except in so far as the matter in question 
concerns the interest of science as a whole. At the same time, to avoid 
misunderstanding, I think it desirable to put briefly before you the 
general attitude of scientific men in this country in connection with 
the migration from Germany of such a large number of scientific men, 
some of great distinction, whom we hold in high esteem for personal 
and scientific reasons. This country has always viewed with jealousy 
any interference with its intellectual freedom, whether with regard to 
science or learning in general. It beheves that science should be inter- 
national in its outlook and should have no regard to political opinion 
or creed or race. For tliis reason scientific men in this country were 
at first naturally incHned to be critical of a governmental attitude of 
mind that led so many men of science to leave their own country to 
seek suitable conditions for their work in foreign lands. 

We all sincerely hope that this break with traditions of intellectual 
freedom in your country is only a passing phase and does not indicate 
any permanent change of attitude towards the freedom of science and 
learning. 

Scientific men in this country have the most friendly feeling for their 
colleagues in Germany, and I see no reason why this should not long 
continue. We are all anxious to work in the most cordial way with 
our German colleagues, quite apart from any forms of government. 
At any time that Nature, for example, gave a mistaken impression of 
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scientific matters in your country, I am sure that its Editor would be 
glad to give you an opportunity to state your reasoned view. 

I am afraid this letter of mine is longer than I intended but I trust 
that you will understand that in stating my views, I am sympathetic 
with your desire for our two nations to understand each other and to 
work together in peace and unity. 

In The Times (3 May 1934) Rutherford wrote: 

In the conviction that the universities form a kingdom of their own, 
whose intellectual autonomy must be preserved, my distinguished 
colleagues formed the Academic Assistance Council one year ago and 
the Royal Society provided accommodation for the Council's offices. 
The occasion was the displacement of our fellow scientists and scholars 
from their university positions in Germany; but the problem with 
which the Council is faced is wider and deeper than that presented by 
the need for assisting these German teachers. Its ambition is to defend 
the principles of academic freedom and to help those scholars and 
scientists of any nationality who on grounds of religion, race or political 
opinion are prevented from continuing their work in their own country. 

The series of political revolutions in Europe since the Great War 
has created a large body of wandering scholars; many, for instance, 
among the Russian or Italian imigris have unfortunately through the 
absence of organised assistance by their university colleagues lost the 
means of continuing their scientific careers. But there are many whose 
talent and experience could still be effectively used, and their number 
has been tragically swollen during the past year by the expulsion from 
academic positions in Germany of persons possessing pacifist or inter- 
nationalist convictions or lacking that strangest of qualifications for 
the life of scholarship, ‘Aryan* genealogies. 

To incorporate the services of these wandering scholars in the other 
universities of the civilized world is more difficult to-day than in the 
Middle Ages when the ‘communities of learners* were less hampered 
by administrative formalities, restrictive endowments, and incipient 
nationalist tendencies. Medieval scholars could migrate to other districts 
and the ‘universitas* moved with them; the same catholicity of spirit 
has been fortified by the present crisis in both our ancient and our 
modem universities 
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In 1916 the British Government had set aside a million pounds to 
promote industrial research and that fund became exhausted in 1934* 
A Conference was held in London, at which Rutherford presided, in 
order to put forward a statement as to past expenditure and future 
plans which could be presented to the President of the Board of Trade 
for the consideration of the Government. Rutherford stated the case: 


While, no doubt, the concerns which promote and pay for these 
costly researches gain in many cases an ample reward, it should be 
remembered that the greater part of the benefit goes to the consumer 
in the provision of a better and cheaper article.. . .The improvements 
brought about by science are to the ultimate advantage of the consumer, 
and thus of the country as a whole. For this reason it seems to be proper 
and desirable that the State should give not only moral but fmancial 
support to promote the appUcation of scientific knowledge to increase 
the efficiency of industrial processes. 


The most notable incursion made by Rutherford into the field of 
Chemistry was when he received the Nobel Prize for Chemistry. He 
had no pretensions to be a chemist, but he had an uncanny habit of 
picking the right bottle from the shelves of the chemistry laboratory, 
whenever he wanted to extract a substance from a solution. When 
asked what he thought about being called a chemist, he rephed that he 
had not the shghtest objection provided his chemical friends did not 
mind. In another sense he might be styled as the greatest chemist the 
world has ever known. Was he not the first to transmute the elements 
at will? 

One of his best lectures was on ‘The Periodic Law and its Interpre- 
tation* delivered as the Mendel^eff Centenary Lecture before the 
Chemical Society at the Royal Institution, London (19 April 1934). 

Rutherford began talking to the Society, in a somewhat apologetic 
manner: 

This year is the centenary of the birth of Dimitri Ivanovitch MendeldefF 
(1834-1907) whose name is so indelibly associated with the great 
advance in our knowledge of the classification of the chemical ele- 
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merits I feel less fitted than any of my audience to deal adequately 

with the chemical side of this subject, but I am encouraged by the reflec- 
tion that I, either directly or indirectly, have been closely associated 
with several developments which have helped to give a much clearer 
imderstanding of the underlying meaning of this famous law of the 
elements. 

He then referred to the early suggestions of Prout that all elements 
were built from hydrogen, but it was found that atomic weights were 
not whole numbers ; Mendeleeff however recognised that there was 

evidence of a definite kind of order in the variation of chemical proper- 
ties when the elements were arranged in sequence of their atomic 
weights. The full paper, published in 1871, contained the classification 
of the elements into groups or periods essentially the same as those we 
are familiar with to-day. 

The ideas of MendeldefF at first attracted Uttle attention,. . .it was 
not until the discoveries of the elements gaUium in 1875 and scandium 
in 1879 and the proof that they had the properties of two of the missing 
elements predicted by Mendeleeff that the importance of his discovery 
was generally recognised. 

The next great advance in our knowledge was the discovery of the 
inert gases, of argon by Rayleigh, and of hehum, neon, krypton and 
xenon by Ramsay. It seemed clear that a new group of zero valency 
must be added to the periodic classification thus widening but not 
altering the scheme of Mcndeldcff. I look back with some pride to the 
fact that Soddy and I were able to prove that the radium emanation 
must belong to the group of inert gases, although the amount of 
emanation available for our experiments was less than io “*3 c.c. This 
was made possible by the extraordinary sensitivity of the radioactive 
methods as a means of quantitative analysis. While the rapid discovery 
of this new group of gases was at that time of extraordinary interest, 
yet it was not until twenty years had passed that their significance 
was recognised in providing us with a clue of the utmost value in 
deciphering the intricate problem presented by Mendel^eff’s law. 

Rutherford then pointed out that the discoveries during his Man- 
chester period — the nucleus, the Rutherford-Bohr atom, the atomic 
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number — had thrown a completely fresh Hght upon the periodic table. 

In an after-dinner address given in 1934 Rutherford spoke with 
unusual gravity of modem tendencies. 


Everybody is aware that we are Hving in a world in which social and 
economic changes are occurring with startling rapidity and I am not 
quite sure that we all appreciate how fast these changes are taking 
place and the uncertain destiny to which they are leading us. 


He used the analogy of a a chemical reaction being unduly accelerated 
by the carelessness of an experimenter, with the resulting explosion and 
oblivion ! In the world of to-day there was a similar acceleration and ‘ ‘ we 
could only watch with hope and some fear what would be the end of 
the experiment. Would it arrive at a stable end as everyone hoped?” 

He touched on the rapid development of science and its relation to 
industry and then reverted to his favourite topic, the atom, and finally 
made some reflections on the newest physics, on wave-mechanics, 
causality, and indeterminacy. As this appears an isolated example of 
rash statement, it may be well to record his views. He pointed out that 
the old classical mechanics failed to explain the behaviour of atoms, 
so that it was necessary to revise our point of view: 

The first point that arises is the atom. I was brought up to look at the 
atom as a nice hard fellow, red or grey in colour, according to taste. 
In order to explain the facts, however, the atom cannot be regarded 
as a sphere of material, but rather as a sort of wave motion of a pecuhar 
kind. The theory of wave-mechanics, however bizarre it may appear — 
and it is so in some respects — has the astonishing virtue that it works, 
and works in detail, so that it is now possible to understand and explain 
things which looked almost impossible in earlier days. One of the 
problems encountered is the relation between an electron, an atom and 
the radiation produced by them jointly; the new mechanics states the 
type of radiation emitted with correct numerical relations. When 
appUed to the periodic table, a competent and laborious mathematician 
can predict the periodic law from fint principles. 

Although in die new ideas there is accuracy of definition, it is neces- 
sary to be very careful in regarding the electron as a nice litdc piece 
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of matter. It must be regarded at times as a sort of wave motion. While 
certain changes are taking place in connection with radiation it is 
impossible to explain the intermediary between the first and last stages. 
This is inevitable, because it is really all connected with the fact of 
regarding matter as having some qualities of wave motion. It is 
a question of indeterminacy. This idea has a reaction on the philosophic 
mind and has brought all sorts of queer ideas bearing on the problem. 
Some people suggest that the law of causation has failed; others want 
to see in it the origin of free will; others want to find in it the possibility 
of anything happening that they would hke to happen! I confess, 
however, it may be that I am not properly attuned to these philosophic 
ideas — that these things do not worry me because I beUeve that whilst 
it is true that we cannot say that certain things will happen, there is 
the probability that they will. Our fives are all governed by probability. 


He then spoke, for a time, of probability and continued: 

Some writers appear to think that we know everything and that we 
can explain the universe on the knowledge of the moment. Actually, 
however, we know only a minute fraction of what there is to be known.* 
Perhaps that is as well, in order to leave something for the following 
generations to clean up. 

He recalled radioactivity in the earlier days, which 

was a great shock to scientific opinion and I appreciate it all the more 
because everyone wanted to jump on me in those days. The point is 
that the atoms, which scientists had spent a century in proving stable, 
proved to be unstable and broke up with explosive violence in going 
through a series of transformations. These were spontaneous changes. 
Since that time there has been artificial transmutation, and scientific 
men are now quite sure that, if they could get enough particles of the 
right kind, there is no atom in nature but would yield to that bombard- 
ment. 

* “There was nodiing wrong with the old inference that if I know all about the 
present I can forecast the future exactly; the trouble was the impossibility of 
knowing the present. Once this is seen, the whole argument becomes obvious, but 
nobody saw it until Heisenberg." C. G. Darwin (1938). 
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This forecast has already been verified. 

In 1934 Rutherford gave one of his famous lectures at the Royal 
Institution where he lectured on heavy hydrogen (or deuterium) which 
has, like hydrogen, but one outer or sateUite electron, but differs from 
it in having mass 2 instead of mass i. To be more accurate, if an oxygen 
atom has mass 16 then IH has mass 1*0078, and ?H has mass 2*0136. 
The one number is not quite twice the other. The difference 0*002 
may not at first sight seem worth troubling about, but turned into 
energy and expressed in volts acting on an electron, it means a Httle 
less than a million volts. That is the kind of energy that holds together 
the proton and the neutron in the deuterium nucleus. Rutherford 
proceeded to illustrate the properties of this new gas discovered by 
Urey, Brickwedde and Murphy, and to describe and show some of 
the remarkable transmutations of matter carried out at the Cavendish 
leading to the discovery of a new form of hydrogen, tritium, ?H and 
of a new heHum, JHe. To the uninitiated it may be explained that 
H stands for hydrogen and He for heHum, that the upper number is 
the number of protons and neutrons in the nucleus, and the lower 
number the atomic number, or positive nuclear charge (+e). Thus 
tritium has 2 neutrons and i proton in its nucleus, and consequently 
has the suitable charge (+e) due to that i proton. Again, iHe is not 
ordinary heHum JHe, but contains i less neutron in the nucleus. 
Rutherford showed that there was great advantage in using ‘deuteron\ 
the nucleus of deuterium, as bombing agent. If deuterons bombard 
deuterium the foUowing changes occurred: 

which means that the deuteron gets mixed up with another deuteron 
and forms a new unstable heHum nucleus and this explodes to give 
tritium and proton. But sometimes another change occurs, 

+ iHe 5 He + J«, 

or 2 deuterons coalesce to form an unstable heHum nucleus, which then 
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breaJcs up into an isotope of helium and a neutron, which has mass 
nearly i and charge zero. 

It will be noted that both protons and neutrons appear when dcuterons 
bombard deuterons. These were actually shown at the lecture and were 
thus described in the press: 

For the first time in a pubHc lecture experiments were made to show the 
artificial transformation of the element Hthium by protons and deuterons 
of energy corresponding to about 100,000 volts. The enormous emission 
of fast protons when ammonium sulphate containing heavy hydrogen 
was bombarded by deuterons was clearly shown by counting methods. 
The transformation apparatus was designed and operated by Dr Oliphant, 
while Messrs Watson & Son loaned a generator to provide a steady 
potential of 100,000 volts to accelerate the ions. 


A new Central Research Laboratory of the United Steel Companies, 
Limited, was opened by Rutherford at Stocksbridge on 29 June 1934. 
It was a well-planned two-storey building with adequate equipment for 
investigating the physical and chemical properties of steel with its 
immense variety and possibiHties. 

In his address he pleaded for 

generous treatment of the scientific men employed; because men clock 
in and clock out, it does not necessarily mean that they are doing what 
is most required. I know nothing more deadening to original ideas 
than keeping a man’s nose firmly fixed to the grindstone. Even 
directors need a change, and young men should have opportunities 
of meeting other young men working in other parts of the country. 
Ideas are more likely to come from such meetings vuth colleagues than 
by holding men down to some work in which dierc might be no pro- 
gress at all. No laboratory today is self-sufficing. 


Rutherford always felt the greatest admiration for the work of 
Mme Curie, who died in 1934. The courage of that frail woman, 
tackhng those tons of pitchblende single-handed, must always fill one 
with amazement. But Mme Curie was determined to get a pure source 
of radium and, in spite of the scepticism of many scientists as to the 
possibility, she persevered to a successful end. She had not only to 
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Struggle with the heavy manual labour, but there was also the great 
danger of injury to her health from the radium. In fact the writer 
tried a short time ago to get some radio-lead (radium D) from the 
Radium Beige firm, but was told they could no longer supply it. It 
was pointed out that they had previously provided some, but they 
said that it had been separated by Mme Curie, and that it was too 
dangerous a process for their men to undertake ! 

In the charming life of Mme Curie by her daughter Eve, it is stated 
that her mother died of pernicious anaemia, the result of prolonged 
exposure to radiations from the element with which her name will 
for all time be associated. Einstein has said, “Marie Curie is, of all 
celebrated beings, the only one whom fame has not corrupted.” “She 
did not know how to be famous”, writes Eve Curie. 

Rutherford wrote an obituary notice in Nature (21 July 1934) and 
referred to her fundamental discoveries of polonium and radium, 
extracted from pitchblende, an ore which she found had more radio- 
activity than that due to the uranium it contained. There must he a new 
element there! Marie and Pierre Curie extracted first polonium and 
next radium, about three parts in ten milUon. 

In 1904 a Nobel Prize had been divided between the Curies and 
Henri Becquerel, and in 1911 Mme Curie was again awarded a Nobel 
Prize for her purification of radium and the determination of its 
atomic weight. 


Mme Curie (wrote Rutherford) retained her enthusiasm for science 
and scientific investigation throughout her life. She was an indefatigable 
worker and was never happier than in discussing scientific problems with 
her friends.. . .Qmet, dignified and unassuming, she was held in high 
esteem and admiration by scientific men throughout the world, and was 
a welcome member of scientific conferences, in many of which she took 
an active part.. . .The many fiiends of Mme Curie throughout the 
world, who admired her not only for her scientific talents but also 
for her fine character and personality, lament the untimely removal 
of one who had made such great contributions to knowledge, and, 
through her discoveries, to the welfare of mankind. 
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At a meeting of the Cambridge University branch of the Demo- 
cratic Front Rutherford, who was in the chair, referred to the destruction 
of democratic forms of government in a disordered world. 

It is a matter of great importance that those who believe in the present 
type of government should not stand idly by, but see if they can con- 
vince the waverers, or those who require convincing, of the great 
advantage of democratic government, at any rate in this country where 
we have experienced it so long. 

At present there is a great feeling of tension, not only throughout 
Europe, but in a sense throughout the world. That feeling of tension 
and fear of war has been a striking mark of the last few years. This 
arises largely from the fear of the growing power of military aeroplanes 
with sudden and devastating attacks on defenceless cities, involving 
the destruction of combatants and non-combatants alike. 

I am sure that the greatest possible relief from this fear of war 
would arise, if say, to-morrow we could ensure that aeroplane warfare 
could be abohshed by consent of all the nations of the world. That 
would be a great ep< 5 ch in history, but it may not be possible for a long 

period There is no question more important for the future than to 

sec whether we can get some form of international agreement on the 
limitation of this air weapon which will undoubtedly grow in strength 
from year to year. 

In Oct. 1934, a great scientific conference was held at London and 
Cambridge by invitation of the Royal Society. Members of the Inter- 
national Union of Pure and Applied Physics and of the Physical Society 
were invited, and many representatives came from Europe and America. 
There was much to discuss; indeed, so rapidly had the recent discoveries 
been made, that there was some indication of lack of theoretical 
assimilation. One notable change had gradually taken place. It used 
to be stated that the nuclei of atoms were composed solely of protons 
and electrons. There had been an alteration to the view that protons 
and neutrons were the main, or only, constituents of any nucleus. There 
was also some talk of the negative proton which cither does not exist 
or else skilfully evades detection. 
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Rutherford presided at this Conference and gave a summary of the 
successive discoveries, concluding: 

. . . We are as yet uncertain of the relation if any between the proton 
and the neutron. It has been suggested that a conversion of one into 
the other may occur by the capture or loss of a negative or positive 
electron, and even that under some conditions negative protons may 
be formed. It is probable that an accurate determination of the magnetic 
moment or spin of the neutron and proton will be helpful in throwing 
further light on these important questions 

When we consider the complexity of the structure of a heavy 
nucleus and the number of units that are condensed into its minute 
volume, it is obviously difficult to speak of the individual components 
as having a separate existence, for each constituent in a sense must 
occupy the whole nucleus. Bohr has pointed out that under such 
conditions the theory of wave-mechanics cannot be rigidly appHed. 
Notwithstanding these difficulties and our uncertainty as to the detailed 
structure of nuclei, good progress has been made in several directions 
in interpreting in a general way some of the outstanding properties of 
nuclei. 

It must be remembered that during these years Rutherford was the 
life and soul of the Cavendish, quickening every activity with fresh 
ideas and suggestions. One example of his scientific acumen may be 
given. In California various elements had been bombarded with high- 
speed deuterons and they gave a remarkable output of secondary 
particles. Although the experimental evidence was complete, he alone 
disbelieved the obvious explanation and declared that these particles 
came, not from the elements under bombardment, but firom deuterons 
imbedded in them. A long and difiicult investigation proved his surmise 
to be correct. 

RUTHERFORD TO BOYLE 

22 Dec, 1934. I am taking the opportunity before the laboratory breaks 
up to send you a note of good wishes for the New Year. Your last 
letter to me of November 12th gave an account of your adventures 
with blizzards in the early autumn, and reinforces the opinion that 



HORACE LAMB 


1934] 


391 


1 have long held that for six months of the year Canada is only suitable 
for polar bears ! 

You may have heard of the death of our old friend Lamb a few weeks 
ago. My wife and I had visited him a few days before his end and 
found him fairly cheerful but, of course, his increasing deafiiess and 
weakness on his legs made life a bit of a burden to him. He died suddenly 
and unexpectedly of a heart attack and the family and all of us feel that 
his end was a happy one. The funeral service, which was held in Trinity 
College, was a very imposing and dignified affair. As you know, I 
have known Lamb now for 27 years, and I always looked on him 
as one of the finest characters I have known, and one of the few 
men that grew old gracefully. So many are inclined to hang on 
and to grasp for power when they ought to be dandling their grand- 
children ! 

I am glad to say we are all very well. We are staying for Christmas 
to have Christmas festivities with the grandchildren, and we then go 
dovm to our cottage in Wiltshire for a rest for a week or so. We are 
all very well and cheerful, and I managed to get a couple of days* 
golf with friends in Sussex at the close of the term, which has been rather 
a heavy one. 

The research work has gone on very steadily, and we have made 
substantial if not sensational progress. The effect is very remarkable 
how the transformation by neutrons in many cases increases by slowing 
them down in their passage through hydrogen or hydrogen material 
like paraffin. The intensity of the radioactive bodies which are produced 
goes up in many cases about one hundred times, and this makes the 
neutron experiments very much easier. 

We have been making an intensive study of the transformations of 
beryUium under bombardment with protons and deuterons. It has 
been very difficult to disentangle the complicated transformations which 
occur, and I think secondary bodies like ?H and iHc appear in some 
transformations. 

I hope we shall have a chance of seeing you before long in this 
country. You ought to make a point that it is important for you to get 
in toudi with the work going on in this country in the N.P.L. and the 
industrial research laboratories, and so wangle a trip over here. This 
is a recognised method of having a change of scene! Think of it — 
verb. sap. 1 
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In December 1934, Rutherford gave the Ludwig Mond Lecture, at 
the University of Manchester, on ‘The New Chemistry’, and showed 
how the new field of nuclear chemistry was opening up with great 
rapidity. A whole new class of ‘artificial* radioactive bodies had been 
discovered as a result of bombardment with various nuclei. He referred 


to the great success of Fermi and his collaborators using the neutron as 
disintegrator, for the neutron having no charge could wander into a 
nucleus, where a charged particle such as an alpha particle would be 
turned back. 

Rutherford was at some pains to explain the difference between the 
old chemistry and the new; 

The older chemistry with which you arc famihar deals with the com- 
bination of atoms and molecules to make new compounds. The chemical 
attraction of one atom for another depends on the unbalanced electric 
or magnetic forces resident in the outer structure of the atom. The new 
chemistry has to deal with methods of changing one atom into another, 
that is, with the study of the modes of the transformation of the chemical 
atom itself when exposed to certain powerful disrupting forces. The 
most potent method so far employed depends on the bombardment 
of the atom by fast projectiles like alpha particles, or protons, or neutrons. 
Occasionally, one out of a great number of these particles by chance 
strikes the heart or nucleus of an atom. In some cases such a violent 
encotmter may result in the breaking up of the atom into two or more 
lighter constituents — a veritable disintegration of the atom. In other 
cases a new atom of heavier mass may be formed by the incorporation 

of the bombarding particle into the nuclear structure During last 

year, definite evidence has been obtained that we can even transform 
atoms in the laboratory without the use of fast particles by using very 

penetrating radiations of rontgen or gamma rays By these artificial 

methods we have liberated fast protons and alpha particles of higher 
energy than those liberated by radium and other raioactive elements. 
We have also brought to light the presence of unexpected and strange 
types of particles like the neutron and the positive electron, now called 
the positron. In addition, we have been able to detect the presence of 
new elements, or rath^ new isotopes of dements, previously not 
known upon earth, like a hydrogen of mass 3, and a helium isotope of 
mass 3. But even more surprising, we have been able to produce a new 
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class of radioactive bodies which break up in novel ways — ^radioactive 
bodies which, if they ever existed in our earth, disappeared long ago. 
It may be that the radioactive elements uranium and thorium are the 
sole survivors of what may well have been a large group of unstable 
elements which are still being formed in the furnace of our sim. 

The lecturer explained that, in his early experiment first proving 
the possibility of artificial transformation, the alpha particle striking 
a nitrogen atom caused the ejection of a proton while the alpha particle 
remained embedded in the nucleus. Yet the transformation probably 
occurred in two stages so that a fluorine nucleus existed for an exceedingly 
brief interval of time. 

Most important of all are those transformations which give rise to 
artificial radioactivity ^ discovered by M. and Mmc Curic-Joliot, the 
possibilities of which are now becoming vividly realised. Radio- 
nitrogen can be produced by bombing boron, in any chemical form, 
with alpha particles. That kind of nitrogen is unstable and changes 
into carbon, but the transformation takes place gradually. Radio- 
nitrogen continues atom by atom to shoot forth positrons so that the 
material decays to half-value, however much there be, always in 14 
minutes. 

It is possible that in time radio-sodium may be prepared in sufficient 
quantities to take its place in curative medicine in place of radium. 
It would have to be prepared frequently, for it decays to half-value in 
about 15 hours. 

In January 1935 Rutherford gave the first series ofjohn Joly Memorial 
Lectures at Trinity College, Dublin. The Provost, Dr E. J. Gwynn, was 
in the Chair and the subjects chosen were * Radio-active Transforma- 
tions: Old and New*, and ‘The New Hydrogen, and Artificial 
Transformations ’ . 

He paid a tribute to his old friend, whom he regarded with great 
esteem and admiration. 

Joly’s alert and original mind was attracted to the problem of die eflect 
of the generation of heat by the radioactive bodies present in the earth’s 
crust on the geological history of our planet. To obtain reliable data. 
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he devised simple but ingenious methods for measuring the amount 
of the primary radioactive bodies, uranium and thorium, in typical 
rocks constituting the earth’s crust. He was the first to point out the 
far-reaching significance of this small but steady supply of heat on the 
internal temperature gradient of the earth resulting in violent move- 
ments of the earth’s crust. Indeed he was of opinion that the rise and 
fall of continents and the elevation of mountain chains were intimately 
connected with the heating effect of radioactive bodies over long 
intervals of time. A fascinating account of these bold and original ideas 
has been given by Joly in his books and papers. 

At the annual dinner of the N.W. Centre of the Institution of 
Electrical Engineers held at Manchester on 22 Jan. 1935, Rutherford 
referred with pleasure to the time when he was one of a little group from 
that city who were using electrical methods to foil submarine warfare 
on our shipping. Turning to research he said that whereas in the old 
days apparatus was simple and fairly inexpensive, today we must have 
high voltage devices of a far more costly nature. He hoped to be 
handling two million volts for this purpose in the near future. This was 
necessary for bombardment — ^for firing very swift particles at certain 
substances under investigation. He most gratefully acknowledged the 
help and advice of Metropolitan-Vickers, for they had put their research 
resources at his disposal and had been of enormous assistance. He then 
drew attention to the great part played by electrons in electric currents, 
and to the strange fact that the positive electron, or positron, was 
insignificant. ’’Why is it”, he asked, “that the positive electron takes 
no prominent rSle in the transmission of electric energy? Always it 
seems to be a case of negative electrons flowing through the metal, 
never the positive ones. Somehow I always feel that the light positive 
electron should be conspicuous in these electrical processes. But it 
lies low and appears to do nothing.” 

He dien referred to the discovery of the French physicists (Curic- 
Joliots) in proving that some light elements under the action of alpha 
particles gave rise to artificial radioactivity and the emission of positrons. 
“May it not be that elsewhere in the Universe, or under circumstances 



THE JSTHER 


1935] THE JSTHER 395 

different from those familiar to us in electrical engineering, as we know 
it, the rStes of the positive and negative electrons may be reversed?** 

It was at this dinner that Lord Crawford declared that he never 
disbelieved a scientist except when he spoke philosophy. 

In his annual course of lectures to the Royal Institution Rutherford 
spoke on his old subject of ‘Electromagnetic Waves*. He declared: 


During the last fifty years there has been a great advance in our know- 
ledge of electric vibrations, and we now have a detailed knowledge of 
the properties of electric waves over an enormous range of wave lengths 
extending from 1000 miles to a billionth of a centimetre. All these 
waves have the common characteristic that they travel at about 186,000 
miles a second through space. They also possess certain other properties 
in common, being all scattered by matter and all absorbed, more or 
less, in passing through it. 

In my youth it was supposed that the whole of space was filled with 
aether which was a perfectly elastic fluid and permitted the propagation 
of electromagnetic waves through it with the velocity of light. 

In recent yean, however, there has been a tendency to say that the 
aether is a pure invention, but I feel that for the purpose of my lecture, 
the aether is as necessary today as it has been formerly. The whole 
conception of waves loses its meaning unless there is a medium for them 
to pass through. 


He gave another lecture to the Royal Institution on 29 March, 
speaking on ‘Neutrons and Radioactive Transformations*, and he 
showed remarkable experiments of neutrons passing readily through 
thick layers of lead, while they were absorbed by a comparatively thin 
layer of the metal cadmium. He showed that the hydrogen in paraffin 
wax also slowed down the neutrons. Most extraordinary of all was 
the breaking up of the nucleus of heavy hydrogen with gamma rays, 
producing a proton and a neutron. 

Speaking of Chadwick’s discovery of the neutron Rutherford stated: 

These neutrons, which have remarkable powers of penetrating matter, 
are themselves very efficient agents for the transformation of atoms. 
Feather (of the Cavendish) has shown that both nitrogen and oxygen 
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arc transformed by the capture of neutrons, with the expulsion of 
a fast alpha particle. The types of transformation produced by the 
neutron are thus very different from those observed with the alpha 
particle. The capture of an alpha particle in general leads to the building 
up of a new nucleus three units heavier than before, while the capture 
of a neutron leads to the formation of a nucleus three units lighter, 
because an alpha particle is usually ejected. 


In April 1935, Rutherford wrote an article for Discovery which 
summarised the work in modem physics up to that date. He men- 
tioned that lithium and hydrogen nuclei can combine to give two 
alpha particles; boron and hydrogen give three alpha particles; fluorine 
and hydrogen give oxygen and helium; aluminium and hydrogen give 
magnesium and hcUum. He then referred to the showers of electrons 
sometimes produced by cosmic rays leading to the discovery by 
Anderson of the positively charged electron, or positron. Excellent 
photographs had been taken of the tracks in a C. T. R. Wilson expansion 
chamber of both negative and positive electrons curving in opposite 
directions owing to an applied magnetic field. 


RUTHERFORD TO HAHN 

25 April 1935. Thanks very much for your note and for sending me 
the copies of your recent articles on the neutron transformations of 
uranium. The examination of this point must have been very much in 
your line of territory, and I am sure you thoroughly enjoyed the 
opportunity of settling the nature of the transformation products. It 
is all very interesting. Things move so fast now that it is difficult to 
remember all the results obtained. 

The account in Nature was merely a general statement, and there 
was no time to discuss the latest results. 

I have just returned from a hoUday in the country. You may have 
heard that we have built a htde cottage in Wiltshire for our holidays, 
and my wife is very happy with this new holiday home. 

Hevesy is coming over to Cambridge in a few weeks and giving 
the Scott course of lectures. As you know, he has left Freiburg and 
is now in Cojpenhagen. 

I am glad to say we are all very well, including the grandchildten. 
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I am kept very busy not only with my personal research, but with many 
other sdendhc activities. You may have heard that Professor Kapitza 
has been forcibly detained in Russia by the Soviet authorities, so that 
I have to consider the carrying on of the work of his Laboratory during 
his absence. 

The Rutherfords for five years spent their holidays in a cottage 
that they rented in Nant Gwynant, North Wales. This involved a long 
motor drive from Cambridge and it was desirable to have a country 
cottage within more reasonable reach. Lady Rutherford made a long 
search and found a delightful site near the village of Upper Chute, 
a few miles from Andover. It was on the slope of the downs on the 
borders of Wiltshire and Hampshire, not far from the Collingboume 
Woods. Curiously enough, it was part of a farm called New Zealand. 
A few acres were bought which contained great elm trees, a rookery, 
and a pond, and had a fine view to the south. A fascinating country 
cottage was quickly built. Lady Rutherford with inexhaustible energy 
removed Hints, made hedges and Hower-beds, and filled them with all 
sorts of delectable flowering shrubs, and trees with autumn tints, besides 
flowers of all kinds in most natural settings. 

Here Rutherford relaxed and regained energy, enjoyed reading and 
bridge, besides spending half the day in clearing bush, lopping dead 
Hmbs, felling trees and reducing them to firewood with axe, bill-hook 
and cross-cut saw. 

A morning with him spent in this way was an invigorating delight; 
in the afternoon there might be a motor drive to Avebury, or Stone- 
henge, or one of the dykes or British camps with which Wiltshire 
abounds. 

On 17 July Rutherford’s mother died at the age of 92. She was a 
kindly, strong character, who had wisely brought up a large family, and 
given thought and care to their education. Her memory and good sense 
seem to have remained largely unimpaired to the end, and she had 
clear and strong views on modem education, small Emilies and extrava^- 
gance. Like many people of advanced age she had been a strong 
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advocate of hard work as the “sovereign remedy for many evils of 
to-day 

When the British Association met at Norwich on 6 Sept. 1935, 
Rutherford opened a discussion on ‘Nuclear Physics*. He referred 
to the work of Lauritsen in the United States who found that when 


lithium was bombarded with swift protons some gamma rays were pro- 
duced equivalent to 16 million volt X-rays. He further called attention 
to the very important result obtained by Lawrence of California, who 
had shown that the bombardment of rock salt put its sodium atoms into a 
radioactive state. These give rise to gamma rays which may be of great 
value in biology and medicine, possibly in due course replacing radium. 

There was a further discovery of importance when Fermi, also Otto 
Hahn and Lise Meitner, permitted slow neutrons to enter the nuclei of the 
two heaviest elements known — thorium (90) and uranium (92) — with 
the astounding result that they obtained new elements of higher atomic 
numbers (93, 94 and 95) than any elements hitherto known in Nature.* 
This was a crowning glory to that edifice the foundation of which 
Rutherford had so truly laid, and such discoveries gave him genuine 
pleasure. 

In 1935 the case of Dr Kapitza became world-famous. He was a 
physicist, engineer, inventor and mechanic ; loyal to his country. He 
left Russia in 1921 and after visiting some laboratories on the continent 
came to Cambridge and was awarded a Clerk Maxwell Scholarship 
for the period 1923-26. He began to devise methods of obtaining 
exceedingly high magnetic fields for a very short period. At first he 
charged accumulators (secondary lead batteries) of low resistance and 
suddenly discharged them in parallel, obtaining a current of 50,000 
amperes for about a hundredth part of a second. He next used an 
alternating-current generator running at full speed with a current of 
80,000 amperes shorted through his coils, whereby he got for a brief 


' It has since been shown, at several leading laboratories, that when a neutron 
enten into a uranium atom there is an explosion and die atom really breaks with 
violence into hghter atoms, themselves radioactive. 
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period an intense magnetic field of 300,000 gauss. The switch gear for 
such work evidently needed careful design and manufacture. As he 
wanted to work at low temperatures, he designed a helium Uquefier 
on an entirely new principle which is still working and giving two-and- 
a-half litres an hour. There was also a liquid hydrogen machine and 
another for liquid air yielding about twenty-five litres an hour of 
nitrogen. Rutherford declared that all his work was characterised by 
marked originahty in conception with an unusual command of original 
technique. 

In 1925 Kapitza had been elected a Fellow of Trinity College, 
Cambridge, and four years later. Fellow of the Royal Society. He 
married a Russian wife; they had children and he setded down to his 
work and family life in Cambridge. He had been to Russia several 
times from 1926 onwards, and in 1934 he again went to his native 
country, pardy to attend the Conference held in honour of his great 
compatriot, the chemist Mendel^eff. Then came the bolt from the 
blue. A few days before his return to Cambridge, he was informed that 
he must stay and work in Russia. Now Kapitza without his apparatus 
or the apparatus without Kapitza was at a standstill. Rutherford wrote 
to Stanley Baldwin (29 April 1935): “Kapitza was commandeered as 
the Soviet authorities thought he was able to give important help to 
the electrical industry and they have not found out that they were 
misinformed.” However that may have been, Rutherford wrote a letter 
appealing that Kapitza might be allowed, in the interests of science, to 
return and complete his work. To this the Soviet Government made the 
sagacious and fair reteftt that of course England would like to have 
Kapitza, and that they, for their part, would equally like to have 
Rutherford in Russia! Since Mahomet could not go to the mountain, 
the mountain had to go to Mahomet. Negotiations were begun and 
Professors Adrian and Dirac went to Russia to interview Kapitza and 
others. Finally the Russian Government bought the apparatus for 
3(^30,000 — a fair and proper price — ^and Cockcroft had the apparatus 
packed and dispatched to Russia. 
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Not all this money came to the Cavendish Laboratory, because the 
British Government, through the Department of Scientific and Indus- 
trial Research, had contributed large sums for the generator and other 
apparatus. It was agreed that the Cavendish would not compete with 
Kapitza in his field of research, and the money received was devoted 
to other objects, in the Royal Society Mond Laboratory. 

All these worries and troubles about his work and family fell heavily 
upon Peter Kapitza and Anna his wife, to whom Rutherford wrote 
most kind and consoling letters. Kapitza accepted the inevitable, setded 
down to work and determined to do his utmost for the development 
of Russian science. In 1936 he wrote to Rutherford, with something 
of Russian fatalism — “After all we are only small particles of floating 
matter in a stream which we call Fate. All that we can manage is to 
deflect shghtly our track and keep afloat — the stream governs us!“ 

In December 1935 Sir Austen Chamberlain was installed as Chancellor 
of the University of Reading and an honorary degree was conferred 
on Lord Rutherford of Nelson, O.M., “the discoverer of new paths of 
knowledge”. 

In the same month, Rutherford opened the new Research Laboratory 
of the London, Midland and Scottish Railway Company at Derby. 
Many of the guests were also invited to attend at St Pancras the ceremony 
of unveiling the latest built engine of the Company which was taking 
their train to Derby. Lady Rutherford was requested to unveil the 
engine, which was named after her husband, but she thought that this 
would give great pleasure to her grandson, Pat Fowler, aged nine, 
a lover of engines. 

So Pat went to St Pancras and, perched on a huge engine, drawing 
aside the veil, declared it to be named ‘Lord Rutherford of Nelson*; 
after which Sir Josiah Stamp, President of the L.M.S., presented him 
with a finely executed model, complete in every detail. 

Rutherford gave many public addresses and scientific lectures, but 
these formed the least important part of his activities. His real life 
was far more intimately bound up with his work in the laboratory. 
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both with his own researches and with those which he inspired in 
the circle of able men who flocked to his guidance. As C. D. Ellis 
has pointed out^ “the majority of the experiments at the Cavendish 
were really started by Rutherford’s direct or indirect suggestion. Even 
in the later years, when he had so many outside responsibiUties, he took 
a deep and personal interest in all the researches and stimulated all 
stages of the work to a remarkable degree.” 

In 1936, Pope Pius XI reconstituted the old pontifical Accademia dei 
Lincei (1603) and renamed it the Pontifical Academy of Sciences.* 
Seventy Academicians were named, three of them British — ^Lord 
Rutherford, Sir Charles Sherrington and Prof. E. T. Whittaker. The 
Pope stated that 

Science, which is a true knowledge of things, never conflicts with the 
truths of the Christian Faith; thus — as those who have studied the 
history of science cannot but confess — it must be recognised that on 
the one hand the Roman pontiffs, together with the Church, have 
always favoured the researches of learned men, even in experimental 
matters, and that, on the other hand, these researches have paved the 
way for the defence of the treasure of supernatural truth, confided to 
that same Church. Wherefore, as the Vatican Council solemnly taught, 
“not only cannot Faith and Reason ever be in disagreement, but they 
bring one another mutual help”. . .. 

It is Unfortunately true that in times very near our own, several 
learned men — certainly not through love of the truth—have left the 
Church as prodigal sons, and especially in the course of the last century, 
it was taught with false and bold reasoning that the teachings of human 
science arc in open coi^ct with those of Divine Revelation. But it is 
a profound joy to Us to sec that these prejudices are in our times so 
outgrown that hardly anyone can be found who, after having studied 
with any depth the positive sciences, continues to uphold this error. 

It may well be asked what Rutherford really thought of this state- 
ment — did he agree with one half and smile at the other? 

* Loudon Physical Society, 1938, pp. 441--^. 

* NatHK , 1937, 140, p. 9 < 5 s. 
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I knew Rutherford rather well and under varied conditions from 
1903 onwards, but never heard religion discussed; nor have 1 found in 
his papers one line of writing connected with it. His conduct was 
that of an honourable man, who was fair-dealing, kindly and helpful 
to others. There is the old story of the man who claimed that he 
belonged to that religion to which all wise men belonged, and on the 
question, Which? he repUed, “That no wise man ever says.” 

Certainly Rutherford hoped that his work would live, but he had 
no wish that his personality should survive for all eternity. Yet there 
is one remark of his which deserves to be recorded : 

Shortly before the death of W. B. Hardy, Rutherford was greatly 
concerned over his friend’s health and said “Hardy is terribly ill”. 
Then, turning to the Bishop of Derby, he said to him with earnestness, 
“You will pray for him, Pearce, won’t you?” 



CHAPTER XV 


THE NEWER ALCHEMY 

The 17 Jan. 1936 was the bicentenary of the birth of James Watt, 
and Rutherford gave the Watt Lecture in the Watt Hall in the great 
man’s native town of Greenock. The subject of the lecture was ‘The 
Transmutation of Energy* and Rutherford began by drawing attention 
to the good fortune of the young instrument-maker James Watt in 
making the acquaintance of Joseph Black of Glasgow University, the 
greatest authority on heat at that time, the man who had first introduced 
the idea of latent heat. 

Rutherford pointed out that: 

Watt began his experiments on the steam-engine with a breadth of 
scientific knowledge and outlook which markedly distinguished him 
from the engineers of that time. After exhaustive trials, he correctly 
concluded that a source of the wastefulness of the engine lay in the 
cooling of its walls by a jet of water used to condense the steam and 
thus create a vacuum necessary for the reintroduction of steam on the 
next stroke, so he arranged that the steam in the cylinder should be 
connected at the appropriate moment with an external separate con- 
denser, kept at a low temperature. 

Rutherford spoke of the work and ideas of Joule, Clausius and Kelvin 
and then passed to modem appUcations such as the use of mercury and 
its vapour (replacing water and steam) by the General Electrical Com- 
pany in the United States. He touched on the conception of Einstein 
which linked energy and mass, so that matter is now regarded as 
a condensed form of energy. He called attention to a profound difficulty 
in the physics of the nuclei of atoms, where the laws of mechanics 
do not always hold, unless the balance sheet is made good by the intro- 
duction of an imagined particle called the neutrino, which is required 
to have no charge and little mass, but an accommodatii^ spin. It is 

25-2 
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hardly necessary to add that the introduction of such an unobservable 
particle is far from pleasing to many physicists. Nevertheless Rutherford 
himself demanded the existence of radium B and radium D at a time 
when no physical properties could be attributed to them. 

Finally Rutherford stated that an electron and a positron might 
sometimes combine and give rise to pure radiation, to two gamma rays. 
This was called de-materialisation. In a sense this is the reverse of the 
creation of matter, but the balance between mass and energy is stiU 
conserved, following Einstein’s law. 

This great statement links together energy and mass, so that, whenever 
one is converted into the other, strictly proportionate amounts are 
involved. The remarkable thing is that they are linked by the velocity 
of light, or more strictly by the square of that velocity, so that energy 
equals mass multiplied by the square of the velocity of light, or in 
shorthand, E^mc^, This is, at the same time, one of the simplest and 
most profound relationships in the whole known realm of nature. 
A gramme of matter has 9 x lo*® ergs of energy; or one pound of any 
material has locked up within it about 15 million million foot-tons. 

In his Faraday Lecture to the Chemical Society in February Ruther- 
ford stated that “no less than fifty radioactive elements have been 
artificially produced and many more will no doubt be found. The 
subject of radioactivity has indeed been bom anew, and has entered on 
a new and vigorous phase of life.” 

Yet he had his regrets. He hoped that new ‘families’ of radioactive 
elements would be discovered, and wished he was young enough to 
help to unravel their complexities as he had previously helped to do 
with the natural radioactive elements. 

In 1936 Rutherford was again prominent in an effort to maintain 
“the traditional loyalties of the freedom of science and learning” and 
the following letter appeared in The Times of 17 March: 

Without international goodwill there can be no stable peace in Europe. 
It is clear that public opinion in this and other countries needs to be 
convinced that Herr Hitler is sincere in his professions of peace. 



1936] INTERNATIONAL GOODWILL 405 

Something must therefore be done to restore the confidence upon 
which goodwill depends. We cannot at this juncture refrain from 
suggesting that one of the greatest obstacles to a good understanding 
between this country and Germany, one of the major causes of diffidence 
concerning her proposed re-entry into the League, is her harsh treatment 
of the Jews and increasing interference with religious liberty. Not 
only is it intolerable that other countries, and especially those bordering 
on Germany, should, despite their economic difficulties, be obliged 
to cope with a flood of refugees, but the knowledge that those personal 
and spiritual rights which Engfishmen hold most dear are being daily 
violated by the German Government is a formidable obstacle to cordial 
co-operation. Is it too much to hope that Herr Hitler will have the 
greatness to remove that obstacle? 

We arc, etc., 

Allen of Hurtwood. 

G. P. Gooch. 

Gilbert Murray. 
Rutherford. 

In his 1936 report on ‘The Scholar Exiles*, as President of the 
Academic Assistance Council, Rutherford stated that 

Of the approximate 1300 scholars displaced in Germany — that is, 
nearly one-sixth of the university staffs — 700 have emigrated. Of these 
363 are now permanently re-established elsewhere, and 324 are in 
temporary positions or supported by special maintenance grants 

Conditions in Germany for the displaced scholars have become much 
worse recently. ‘ Non-Aryans * have been forbidden to accept invitations 
to lecture to learned societies, or to universities outside, and have been 
made to send excuses on grounds of ill-health. Scholars have been 
denied access to pubHc Hbraries, so that some cannot even continue 
their research privately — It would seem that our displaced colleagues 
within Germany must either sufler extinction, or flee as destitute refugees, 
or be assisted to emigrate and re-establish themselves with the aid of 
an organisation like this Council. 

In his Royal Institution Lectures for 1936 Rutherford, as usual, 
had plenty of new things to show. There were photographs of the 
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tracks of positrons ejected from radio-phosphorus. He explained how 
Chadwick and Goldhaber had broken up the deuteron, or nucleus 
of heavy hydrogen, by the use of gamma rays — the first example of 
transmutation of an element effected by radiation alone, and leading 
to a good method of estimating the mass of the neutron. He showed 
photographs of the trails of proton and triton, that is the nuclei of 
hydrogen and hydrogen of mass three, going out in opposite directions 
for unequal distances, as obtained by Dee when he bombed deuterons 
with deuterons. 

There was another photograph of helium and hydrogen of mass three 
moving asunder when Hthium (6) absorbed a neutron ; two alpha particles 
when hthium (7) combined with a fast proton; while Hthium (7) 
and a deuteron gave two alphas and a neutron, thus 

lLi + \D -> JBe H. JHe + JHe+>, 

where berylHum is the intermediate unstable product. 

He specially directed attention to the result obtained by Law- 
rence of California, who, bombarding the element bismuth with 
deuterons with the aid of his cyclotron, obtained radium E, which 
turns into polonium — the very same radioactive element that Mme 
Curie had first extracted from pitchblende. Here was a natural radio- 
element prepared by artificial radioactivity. A bridge was built across 
a gap. 

When Rutherford spoke or lectured he was, at the start, nervous, 
largely because he was anxious about a troublesome throat, but when 
he warmed to his work, particularly on his favourite topics, he was 
carried away with his subject and he used simple and direct English, 
clear and forceful. His writing was devoid of frills and combined 
clarity with power. He found fault with those willing to bestow 
months on an investigation and yet grudging hours for the pubHcation. 
In a recent speech Lord Tweedsmuir has recalled a remark made to 
him by Rutherford that he did not consider a discovery complete 
until it had been described in simple and correct English. 
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At the official banquet of the Chemical Engineering Congress of 
the World Power Conference (May 1936), Rutherford proposed the 
toast of the Congress, saying: 


I cannot claim to be a chemist, but, on the other hand, I have often 
raided the borders of the chemist like a moss-trooper and returned 
with some loot. We all recognise that the borders between chemistry 
and physics are getting very shadowy and it is very difficult to label 
a man as a physicist, a physical chemist or a mathematician .... 

Bellingham is one of the great triumphs of the chemical engineer 

The production of artificial silk and the development of plastics — still 
in the initial stages — are of great importance today and will be in the 
future. These things do not happen by accident, but are the results 
of long research in the universities and other places. The Department 
of Scientific and Industrial Research, of which I am Chairman, has 
financed a special laboratory which has been engaged, during the last 
ten years or so, in high pressure chemistry. Indeed without pure science 
the possibilities of industry would wither. 


On another occasion he stated: 

In this age of severe industrial competition, other things being equal, 
success will go to the Nation which is so organised that it can utilise 
rapidly the application of science for the improvement of existing 
industries and the rapid initiation of new ones. 

In April 1936 came the good news that Sir Herbert (now Lord) 
Austin had presented to Cambridge University for the Cavendish 
Laboratory the sum of ^250,000. This gift followed from a recom- 
mendation made by Mr Baldwin, Chancellor of the University. This 
generous donation came as a complete surprise to Lord Rutherford and 
gave him great satisfaction, as did also this letter from the donor to 
the Chancellor, 

I have for several years been watching the valuable work done by 
Lord Rutherford and his colleagues at Cambridge in the realm of 
scientific research. Knowing that as Chancellor you are keenly interested 
in obtaining sufficient fimds with which to build, equip and endow a very 
much needed addition to the present resources, I shall be very pleased 
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indeed to present securities to the value of approximately ^iso^ooo 
for this purpose. 

After the initial pleasurable excitement, came thought and planning; 
some money was to be spent in building and some reserved for endow- 
ment. 

RUTHERFORD TO HAHN 

5 Nov, 1936. I was very interested to get your letter, and thank you for 
sending me your book Applied Radiochemistry containing the gist of 
your Cornell Lectures. I have only had time to glance through it and 
read the first few chapters, but I can appreciate you have got a lot of 
good stuff in it, with much of which I have only a sHght acquaintance. 
I was particularly interested in your estimate of the quantities of sub- 
stances like mercaptan which can be detected by their smell. I thought 
that the olfactory nerves were more sensitive than they apparently are, 
but I suppose they have about the same relative sensibihty for molecules 
as the eye has for ‘visible’ quanta. 

I am sorry that I have unwittingly upset you by my reference to the 
thorium-neutron transformations. Actually I wrote my paper when 
I was in my cottage in Wiltshire on hohday, where I had no papers 
to refer to. I had glanced through the JoHots’ paper and thought that 
their evidence was rather vague, and I gave expression to that view in 
my address. I had for the moment forgotten that you had actually 
pubhshed your letter in Naturwissenschaften before their paper appeared, 
and I quite agree that they ought to have specifically mentioned your 
definite statement about the 4« + 1 series. I can assure you that I had 
read your papers, but you can well imagine in the terrific rush of papers 
on neutrons that my memory is occasionally defective ! I shall make 
a point of putting the matter right when I have the opportunity. 

This brings me to another point on which I was going to write to 
you. I shall be giving a Royal Institution lecture, probably in April, 
in which I shall draw attention to the effect of neutrons, etc. on uranium 
and thorium, and I would be very much obUged if you could give me 
briefly (preferably in English) your considered opinion of the present 
state of that subject, on which I know you and Mi^ Meimer have spent 
so much time. This will be very helpful to me, and I need not then 
discuss the inunature work of others. 
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I am glad to say that I am very fit and well, but I am kept very busy 
in a multitude of ways. You will have heard of the substantial gift of 
Lord Austin to the Cavendish Laboratory, and we are now in the midst 
of considering plans for a new research block and for possible recon- 
struction of parts of the old Cavendish. Our new High Tension 
Laboratory is nearly completed, and we hope to begin to install our new 
apparatus to obtain 2 million volts D.c. early in January. OUphant is 
busy preparing this new installation, which is experimental, but which 
I hope will work all right. As 2 miUion volts will probably give a spark 
of more than 30 ft. long, you will appreciate that plenty of headroom 
is required ! 

With kind regards to Miss Meitner and yourself, and best wishes for 
the success of your work. 

P.S. You probably know that Professor and Mrs Eve arc now Uving 
in London, and I see them as much as I can. He is remarkably fit for 
his years — about 74 — and plays a game of golf that would not disgrace 
a youngster ! 

Rutherford first played golf, in his student days, at Royston with 
J. J. He could hit the ball, but not in the right direction, and came to 
the conclusion that he was not then old enough for the game. According 
to Sir Harold Carpenter, he found the game a valuable relaxation at 
Manchester and played on the Withington course until an increasing 
trouble in one knee kept him for a time from the game. When he re- 
turned to Cambridge he was a regular player on the Gogmagog Hills 
with R. H. Fowler, F. W. Aston, G. 1. Taylor, R. V. Southwell and other 
friends. They generally played a game with three balls — ^not a threesome 
— ^because the players might number five or six. 

On the course, they were known as ‘The Talking Foursome’, but 
behind the conversation was a desire to win and considerable skill in 
the effort. Rutherford had an uncanny way of arriving near the pin 
when least expected. Those who were prepared to face an early breakfast 
on Sunday morning — and some rebelled — ^were amply rewarded by 
an entertainment amid blue flax and skylarks, in which golf played no 
inconsiderable part. 
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After 1928, it became a custom to organise a party to enjoy two or 
three days* golf, immediately after the Oxford and Cambridge Rugger 
Match. The first visit was to Frilford Heath, and then for two or three 
years the games were on the courses near Brighton, until some cold and 
windy weather drove the players to prefer the very beautiful course 
at Ashdown Forest. 

It is agreed by all who were lucky enough to be there that Rutherford 
was on these occasions absolutely at his best, “reminiscencing about 
everything imder the sun” both discreedy and most indiscreedy. It 
need hardly be added that the party dominated the hotel in the evenings 
and that other guests were curious to learn the origin of these irrespon- 
sible and exuberant beings. 

Sometimes a golfer would drop out of the party and Rutherford would 
exclaim, “Ah! he couldn’t stand the rough and tumble of a Trinity 
foursome.” 

At the hotel he would begin a story, at the top of his voice, un- 
consciously regardless of others present: “Now this is just between you 
and me — this mustn’t go any further — ” and proceed with his yam, 
with a very attentive and large audience, who were deeply disappointed 
when he lowered his voice to a whisper. 

Rutherford was never shy with strangers. Invited once to a dinner 
at Pembroke, he arrived early and found the Master’s drawing-room 
empty except for an ecclesiastical personage. The two men introduced 
themselves and were soon in friendly conversation. Later, in the college 
hall, Rutherford was called on for a speech and described the meeting : 
“T’m Lord Rutherford” I said and the other man said “I’m the 
Archbishop of York” — and I don’t suppose either of us beUeved the 
other!* 

It was of another archbishop that Rutherford asked what books he 
had lately been reading. The archbishop explained that his multifarious 
duties prevented him firom reading as much as he would wish. “Ah, 
yes” said Rutherford “you must lead a dog’s hfe”. 

On 12 November, a large audience heard Rutherford give the twelfth 
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Norman Lockyer Lecture at the Goldsmiths* Hall on ‘Science in 
Development*. 

He contrasted his Grove battery of the days of his youtli, which he 
had to prepare afresh daily to get a current, with the recent develop- 
ments at the Cavendish then preparing to obtain many milUon volts 
to drive their bombarding nuclei; he compared the old hand air-pump 
with the modem types of high diffusion pumps. He spoke of the use of 
electrons, those faithful little slaves of ours, in oscillators and rectifiers 
which made possible those miracles of modem science, radio-telephony 
and broadcasting; while the cathode-ray tube played an indispensable 
part in television He added: 


It is sometimes suggested that scientific men should be more active in 
controlling the wrong use of their discoveries. I am doubtful, however, 
whether the most imaginative scientific man, except in rare cases, is 
able to foresee the result of any discovery.. . .Taking a broad view, 
I think that it cannot be denied that the progress of scientific knowledge 
has so far been overwhelmingly beneficial to the welfare of mankind. 


He further suggested the possibihty of 

forming a Prevision Committee of an advisory character, composed of 
representatives of business, industry and science, who could form an 
estimate of the trend of industry as a whole, and the probable effect 
on our main industries of new ideas and inventions as they arose, and 
to advise whether any form of control was likely to prove necessary 
in the pubUc interest. 

A competent Committee of this kind could, no doubt, have foreseen 
the coming competition between motor and railway transports, which 
had such serious effects on the latter, and have advised the Government 
on the need of adjustment of competing claims before the difficulties 
became acute. 


About this time Andrade tried to persuade Rutherford to write an 
account of his life and scientific work, but unfortunately it was post- 
poned, for Rutherford wrote to him: 

17 Nov. 1936. I note what you have to say about a possible auto- 
biography of my scientific career. I am much too busy and’possibly too 
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youthful to think of it now, but I have had it in my mind for some time 
as a possibility, especially in connection with some historical lectures 

I gave at short notice recently. 

In this same letter Rutherford added a note on some then recent advances 
in modem physics: 

Within a month of Chadwick’s proof of the neutron, Feather in the 
Cavendish showed by expansion chamber work that neutrons were 
very effective in disintegrating both oxygen and nitrogen, and this 
was followed up by Harkins in the U.S.A. The main merit of Fermi 
was his rapid trial whether neutrons would produce radioactive bodies, 
immediately after the Curie-Joliot discovery. 

A letter to Stefan Meyer throws some light on Rutherford’s activities : 

II Dec. 1936. I was very pleased to see that Hess had been given a half 
quantum of the Nobel Prize, and I have received a very pleasant letter 
from him. 

I have had a very busy time but for the last few days have managed 
to get a day’s golf in the country. I was present in the House of Lords 
yesterday when the letters of abdication of King Edward were read 
and short speeches were made by various members. It was a very 
crowded House, both with memben and visitors, and was an unfor- 
gettable experience. 

We arc holding the Cavendish Dinner on Saturday and making it 
a special occasion as J. J. T.’s 80th birthday falls on December i8th. 
You may have seen that he has published a very interesting book called 
Reminiscences and Recollections. He gives an interesting account of 
British men of science whom he has known in his long life. 

In his early days, Rutherford did not smoke, but when he first went 
to Cambridge he decided (ii Aug, 1896) that tobacco soothed his 
nerves when under the strain and excitement of his eager experimenta- 
tion. He finally became a heavy smoker, generally preferring a pipe. 

The tobacco tin when received was opened and the tobacco spread 
out on a newspaper to dry. So far as is known, this heavy smoking 
did him no harm, but perhaps his hand was not now $0 steady, when 
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doing an experiment, as in his younger days. He always said that he 
only smoked half of every pipeful. 

The story goes that one day Crowe was busy fitting a new gold 
leaf to an electroscope, always a tricky operation, when Rutherford, 
impatient at the time the process was taking, exclaimed “Here, give it 
to me”. He sat down and made several attempts, but each time his 
shaky hands prevented it. At last he gave in and said, “Here, Crowe, 
you had better do it, my nerves are not good today”. A few days later 
he was attempting the same operation and failing for the same reason, 
when Crowe rashly exclaimed “Nerves not too good today, sir?” 
Whereupon there was an irritable reply, “Nerves be damned, you’re 
shaking the table!” 

Rutherford continued his Uvely interest in the treatment of cancer 
with a beam of gamma rays proceeding from five grammes of radium. 
The results obtained were satisfactory enough to justify further 
financial assistance and reorganisation. He advocated that the in- 
vestigation should proceed and develop under the direction of the 
Medical Research Council — a step which has been achieved. Thus he 
wrote: 

RUTHERFORD TO EVE 

20 April 1937. I have just returned from the country after a good 
hoUday. Chantry Cottage will be at its best in about a month’s time 
when we hope to make a flying visit during Whit week. 

I am intending to be present at the next meeting of the Beam Com- 
mittee on Friday, April 30th, when I understand Smith and Mellanby 
will be there. I beli<?Ve that our difficulties with regard to finance 
next year and for future developments would be gready reduced if the 
whole Radium Beam Research was governed as a Committee of the 
Medical Research Council under MeUanby. You can appreciate the 
difficulty of a Government Department being responsible for con- 
siderable financial contributions to an outside body on which they are 
only shghdy represented. If things arc to go forward, I feel we must 
have the full support of the Medical Research Council and also the 
D.S.I.R. to a secondary degree. 
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The next letter refers to a matter of the greatest importance. It is 
now possible to introduce into the human body by various methods 
some of the new artificial radioactive substances which may be perfectly 
innocuous in themselves and yet irradiate for a known period of time 
the tissues or other parts of the body. There is an immense field of 
research involved. Furthermore such substances, in the minutest quan- 
tities, can be traced as they spread through the system and may be 
profitably employed in this manner as ‘indicators'. 

RUTHERFORD TO HEVESY 

10 May 1937. I have of course read your papers that dealt with the 
circulation of phosphorus and deuterium in the body, and I thought 
your results of very great interest for throwing light on matters that 
appeared in the old days to be outside the region of possible investiga- 
tion. Of course I have not sufficient biochemical knowledge to under- 
stand the possible interpretation that can be placed on the data. 

Our High Tension Laboratory is completed and we are hard at 
work getting the apparatus in working order. We can get at present 
1,300,000 volts D.C., and hope to begin work with it shordy; we also 
have in view the production later of 2 million volts d.c. We also expect 
to install a cyclotron in some months* time. 

We spent our last vacation at the Cottage, and go down, as you 
suppose, at Whitsun for a few days when the garden ought to be 
looking at its best. We have New Zealand visitors with us at present, 
and my wife and Fowler are busy arranging to take the grandchildren 
to the Coronation. I myself have decided to have a quiet time at home 
and hear it on the wireless ! 

Rutherford was interested in the prevention of tropical diseases and 
asked the Secretary of the Royal Society for particulars about Dr Saul 
Adler, who hunted germ-bearing insects in Sicily, Malta, Greece, Crete 
and Palestine. This skilful doctor was told that a certain dangerous 
insect did not exist in Athens. Adler, knowing its habits, found it the 
first night at dusk. How then had the other savants fiuled? It is said that 
the insects appear at the hour of cocktails! 

During the summer at Cambridge, Rutherford began his Presidential 
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address for the joint Meeting in India of the British Association for the 
Advancement of Science and the Indian Science Congress; hence this 
letter to Prof. J. L. Simonsen: 

18 June 1937. I understand that you are coming on the Indian Tour at 
the end of the year, when I have rashly promised to be President of 
the combined British and Indian Associations. 

Before long I shall have to consider, I suppose, the preparation of an 
address, and of course I shall want to make some references to the 
Indian Association of Science. I have been given by Howarth your 
Presidential Address in 1928, which gives the history of this body, in 
which you took such a valiant part. I presume that there have been no 
substantial changes in its organisation since that time. 

I should be very greatly obHged if you could make any suggestions 
of matters to which you think I ought to make reference in my address. 
While I have not finally decided on the arrangement of it, I think it 
probable that I shall, after references to the Indian Association, deal in 
a general way with the organisation of research in this country, following 
this up of course by remarks about the scientific activities of the Indian 
Government. My references to the latter will necessarily be rather 
brief, but it may be important for me to put in some perspective the 
early efforts of the Indian Government in this direction. Possibly you 
could give me some pointers as to what it would be desirable to mention 
in appreciative terms. It is not likely that I shall, except indirectly, 
refer to what might be done in the future in India, but I shall leave it 
to be inferred from my remarks on the organisation of research in this 
country and on the activities of our Dominions along similar lines. 
In conclusion, I shall probably comment on the modem work on 
transmutation, and the great changes that are taking place in the tech- 
nical developments required for many of the researches in this field. 

I know that a visit of the B.A. to India was one of your pet projects 
long ago, and that you arc very interested in its success. If, by any 
chance, you could come to Cambridge, I should be very glad of the 
opportunity of having a good talk with you about the whole subject. 
I am going for a short holiday to my country cottage in a day or two, 
and shall be returning on July 5tlL I should be very glad to see you 
again, and to put you up, if you can come to Cambridge. Naturally 
I would value your advice on questions of travel and dress. 
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This is akeady a long letter, but I am sure that I can rely on your good 
offices in giving me your opinions. 

In the summer of 1937 the garden at Chantry Cottage saw a novel 
type of horticulture. Just under the surface there are numerous heavy 
and close-lying flints. In order to dig a hole for trees or bushes, or to 
prepare a flower bed, long hours of toil with pick and crowbar are 
necessary to dislodge the flints. After two years of this a new scheme 
was adopted. This was to make a hole with a crowbar about three feet 
deep and to insert two or three sticks of high explosive — gelignite — 
with a detonator and about two feet of fuse. When this was lighted all 
took shelter behind a tree, and in about half-a-minute there was a dull 
thud, and stones and earth went skywards. The method was very 
efficient and contributed some excitement and amusement to all. Of 
course Rutherford enjoyed it as much as a schoolboy. 

Outdoor life always charmed Rutherford, whether playing golf, 
bathing, motoring, or tree-felling. Once, as he turned homeward 
after clearing bush, he quoted the lines: 

Sleep after toil, port after stormy seas. 

Ease after war, death after hfe, doth gready please. 

H, Wyndham Boyle, in an article on “Lord Rutherford’s Resdess 
Quest”, wrote in 1936: 

Lord Rutherford looks like a peer — ^large, big-boned, his heavy grey 
moustache, thinning hair, twinkling wide-open eyes, ruddy out-door 
complexion and rather old-fashioned clothes put you in mind of a 
county grandee, up from the West. He has an air of natural authority 
and dignity which are best shown off by the scarlet benches of the House 
of Lords. When he goes there to make one of his rare speeches he 
commands instant attentive respect — due to an aristocrat of learning and 
a great experimental scientist. 

He speaks, too, in a rich, easy, country sort of voice. When you hear 
him, you are puzzled to place the very individual burr which affects 
all he says. It seems a peculiar Rutherford manner of speaking; you 
cannot assign it to any particular part of Britain. . . .He wears his yean 
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very lightly and vigorously. He has no time to worry about such little 

things as growing old. He is too much absorbed with the present 

He is proud of his position. He is innocently delighted by the Order 
of Merit to which he brings such distinction. In fact he is rather like 
a nice schoolboy, who has won a scholarship, concerning the recog- 
nition which his enormous learning and monumental research have 
brought to him. 

Best of all is to see him in his home, a very comfortable home looking 

over the ‘backs’ at the colleges across the River Cam It is a triumph 

of all a home ought to be. 

Lord Rutherford is untidy and forgetful. A nuisance in the house, 
I suspect. He litters papers about, and behaves just as a great man ought. 
And Lady Rutherford tidies up after him and wonders why so much 
untidiness is really necessary. 

Which is all as it should be. 

In July 1937, Lord Rutherford took his oath of allegiance to the new 
King. He had soon afterwards the pleasure of acting as one of the 
supporters to two friends when they were introduced to the House 
of Lords — Lord Cadman and Lord Chatfield. Rutherford wrote on 
10 June: 

I note in The Times this morning an account of Baldwin’s introduction. 
You will be thoroughly amused at the procedure, and the way that the 
Garter King of Arms treats both you and your two supporters as 
schoolboys, and orders them in a loud voice to don and doff their hats. 
As a matter of fact, I think that the Garter King of Arms puts both the 
new peer and his supporters through a preliminary canter before the 
official time, so that each one shall know his part. 

In 1937, Rutherford’s last book, entided The Newer Alchemy, was 
published by the Cambridge University Press. It was based on the 
Henry Sidgwick Memorial Lecture delivered at Newnham College, 
Cambridge, in the November of the previous year. The book begins thus : 

The belief in the possibility of the transmutation of matter arose early 
in the Christian Era. The search for the Philosopher’s Stone, to trans- 
mute an element into another, and particularly to produce gold and 

ELK 27 
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silver from the common metals, was unremittingly pursued in the 
Middle Ages. The existence of this idea through the centuries was in 
no small part due to a philosophical conception of the nature of matter 
which was based on the authority of Aristotle. On this view, all 
bodies were supposed to be formed of the same primordial substance, 
and the four elements, earth, air, fire and water, differed from one 
another only in possessing to different degrees the quaHties of cold, 
wet, warm and dry. By adding or subtracting the degree of one or 
more of these qualities, the properties of the matter should be changed. 
To the alchemist imbued with these conceptions, it appeared obvious 
that one substance could be transmuted into another if only the right 
method could be found. 

In the early days of Chemistry, when the nature of chemical com- 
bination was httle understood, the marked alteration of the appearance 
and properties of substances by chemical action gave support to these 
views. From time to time there arose a succession of men who claimed 
to have discovered the great secret, but we have the best reason for 
believing that not a scintilla of gold was ever produced Trans- 

mutation was a hopeless quest with the very limited faciUties then at 
the disposal of the experimenters. 

The book contains, amongst other things, some of the most superb 
photographs of nuclear collisions that were ever taken, the work of 
Blackett, Dee and Gilbert, There are the trails of an alpha particle 
striking an oxygen nucleus four times as massive as itself; the disintegra- 
tion of nitrogen by an alpha particle with the resulting proton and 
oxygen nucleus; a neutron and helium (3) produced when deuteron 
encounters deuteron; boron and hydrogen combining to form three 
hehum nuclei, all in the same plane, with their collective energies of 
motion corresponding to the energy of disruption. 

Not less amazing is the photograph of a six-million-volt beam of 
dcuterons issuing from a cyclotron, due to Prof. E. Lawrence. Ruther- 
ford pointed out that 

the atomic nucleus is a world of its own in which a number of particles 
like protons and neutrons arc confined in a minute volume and are held 
tog^er by very powerful unknown force 
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Bohr has suggested that the nucleus should be regarded as an aggregate 
of indistinguishable particles which is capable of vibration as a whole 
and has well-marked energy levels 

In the interior of a hot star like our sun, where the temperature is 
very high, it is clear that the protons, neutrons and other light particles 
present must have thermal velocities sufficiently high to produce trans- 
formation in the material of the sun. Under this unceasing bombard- 
ment, there must be a continual process of building up new atoms 
and of disintegrating others, and a stage at any rate of temporary 
equilibrium would be reached. From a knowledge of the abundance 
of the elements in our earth we are able to form a good idea of the 
average constitution of the sun at the time, 3000 milhon years ago, 
when the earth separated from the sun. When our knowledge of 
transformations is more advanced we may be able to understand the 
reason of the relative abundance of different elements in our earth and 
why, on the average, even-numbered elements are far more abundant 
than odd-numbered elements. We thus see how the progress of modem 
alchemy will add greatly to our knowledge not only of the elements, 
but also of their relative abundance in our universe. 


On 21 Aug. 1937, Rutherford published his last contribution to 
Nature on “The Search for the Isotopes of Hydrogen and Helium pf 
Mass 3“. These rare isotopes had been detected by Oliphant and 
Harteck when bombarding heavy hydrogen with heavy hydrogen, or 
rather deuterons with deuterons, for only the nuclei are concerned with 
these transformations. The new gases had not been collected however, 
so the search began for hydrogen of mass 3, tritium, by heroic measures. 

In Norway 13,000 tons of water were treated by electrolysis until 
less than 100 pounds of water remained, and this would contain much 
deuterium, as DzO. It was hoped that tritium, T3O, would also be 
there. It was therefore a great disappointment when Aston could not 
find tritium after careful examination with his mass-spectrograph. 
Tritium probably exists, but it has not been collected. 

RUTHERFORD TO GEIGER 

5 Sept. 1937. It was very good of you to write on my 66th birthday 
which I spent at our country cottage in Wiltshire. My wife and I are 
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very happy there and I shall spend a month there to have a good rest 
before we leave for a tour in India at the end of November. I am 
President of a joint meeting of the British Association and the Indian 
Association and about 50 or so scientific men will go from England and 
take part in the meetings at Calcutta. I hope we shall enjoy this first 
visit to India in the good weather. 

I am glad to say we are all very well and physically I feel in very 
good form and occupy myself very pleasantly in the country — tree- 
cutting, motoring, etc. I am very glad to hear you are enjoying your 
work in Berlin and hope you will have a successful time. It does not 
seem long ago when I first met you in Manchester, but I have to 
encounter hints that I am now one of the ancients of my profession. 
I thank you for your kind congratulations on my birthday. Give my 
kind regards to your wife and I hope you and your family are all well. 


P.S. We are very busy in the Cavendish instaUing high voltage 
apparatus and also a cyclotron for work on Transmutation. 


During the summer of 1937 Rutherford was collecting material for 
his Presidential Address to the joint meeting of the Indian Science 
Congress (on the occasion of its Silver Jubilee) and of a representative 
gathering of the British Association. This address was ultimately read 
in January by Sir James Jeans who was nominated President after 
Rutherford’s death. It is fitting to consider his address at this place 
because it was one of the principal undertakings of the last few months 
of his life. 

Rutherford’s Presidential Address was his swan song in which there 
is a subdued note of triumph. He had indeed built far better than even 
he had expected. 

The first part of his lecture dealt with Indian affairs — science and 
development: 

While science has no politics, I am sure that it is of good omen that our 
visit' happens to fall at a time when India is entering upon an era of 
responsible co-operative government in the success of which both our 
countries arc deeply concerned. 

In earher days in India, research was largely confined to the great 
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scientific services, initiated and maintained on a generous scale by the 
Indian Government, for example, the Survey of India, the Geological 
Survey, the Botanical Survey, the Departments of Agricultural and 
Meteorology and many others. 


He named several pioneers such as Everest, Pratt, Burrard, Lenox 
Conyngham of the Survey; Holland in geology; Walker, Simpson in 
meteorology; Roxburgh, WalHch, Prain, Hooker in botany; Troup, 
Pearson, Robertson in forestry; Ross on malaria; Rogers on cholera and 
leprosy — researches vsrhich gave new hope to the people of India; and, 
at the Universities men like Sir Alexander Podler, Sir Alfred Bourne, 
Sir Jagadis Bose and Sir Prafulla Ray. 

The Indian student has shown his capacity as an original investigator 
in many fields of science, and in consequence India is now taking 
an honourable part and an ever increasing share in the advance of 
knowledge in pure science. 

He made special mention of those Indians who by their merit had 
become Fellows of the Royal Society — Raman, Saha and Sahni — and 
particularly of that mathematical genius Ramanujan, also a Fellow of 
Trinity College, Cambridge: “but for his premature death, it may be 
said of him, as Newton said of Cotes, that we had known something.” 

Rutherford spoke with some Just pride on the Commissioners of 
the Exhibition of 1851 assigning a scholarship to India, for he himself 
was an instigator of the award. He continued: 

It is imperative that the universities of India should be in a position not 
only to give sound theoretical and practical instruction in the various 
branches of science but, what is more difficult, to select from the main 
body of scientific students those who are to be trained in the methods 
of research. It is from this relatively small group that we may expect 
to obtain the future leaders of research both for the universities and for 

the general research organisations This is a case where quaUty is 

more important than quantity, for experience has shown that the 
progress of science depends in no small degree on the emergence of men 
of outstanding capacity for scientific investigation and for stimulating 
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and directing the work of others along fruitful lines. Leaders of this 
type are rare, but are essential for the success of research organisation. 
With inefficient leadership, it is as easy to waste money in research as 
in other branches of human activity. . .. 

It is clear that any system of organised research must have regard to 
the economic structure of the country. One essential feature at once 
stands out: India is mainly an agricultural country for more than three 
quarters of her people gain their Uving from the land, while not more 

than three per cent are supported by any single industry Research 

on food stuffs has a primary claim on India’s attention 

Rutherford passed next to the need for research on radio-communica- 
tion, an important matter in a large country like India, and he pointed 
out that fundamental work on this subject had already been done by 
Saha and Mitra. 

He considered industrial research in Great Britain such as that of 
Bessemer on steel and Parsons on steam turbines, adding that in a 
number of cases, British Science gave ideas to the world, but it was left 
to other nations to develop them by intensive research and to reap the 
industrial benefit. He made special reference to the investigations on 
fuel and the electrical, chemical and building industries and on the 
organisation of co-operative research — “a bold experiment which has 
undoubtedly proved a great success”. 

He spoke with authority for he had been for eight years Chairman 
of the Advisory Council of the Department of Scientific and Industrial 
Research in Great Britain. Continuing, he said: 

In this address, I have to a large extent confined my attention to research 
in pure science, agriculture and industry. I am, however, not unmindful 
of the pressing needs of India to alleviate the suffering of the people 
from attacks of malaria and other tropical diseases. I know that India 
herself is giving much thought to these vital problems in which science 
can give her vital help. 

In the second half of this address, Rutherford dealt with the triumphant 
progress from the discovery of radioactivity in 1896, down through the 
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main stages described in this book, ending with the marvellous successes 
of the Newer Alchemy — the mastery of that “age-old problem of the 
transmutation of matter’* — a domain in which he moved as king. 

He stated that nearly a hundred of the artificial radioactive bodies are 
known and that, after a short period of stability, the atoms break up 
with the expulsion of cither an electron or a positron. 

As Fermi and his colleagues have shown, neutrons and particularly slow 
neutrons are extraordinarily effective in the formation of such radio- 
active bodies. On account of the absence of cliarge, the neutron enters 
freely into the nuclear structure of even the heaviest element and in 
many cases causes its transmutation. For example, a number of these 
radio-elements are produced when the heaviest two elements, uranium 
and thorium, are bombarded by slow neutrons. In the case of uranium, 
as Hahn and Meitner have shown, the radioactive bodies so formed 
break up in a succession of stages like the natural radioactive bodies, 
and give rise to a number of transuranic elements of higher atomic 
number than uranium (92). These radioactive elements have the 
chemical properties to be expected from the liigher homologues of 
rhenium, osmium and iridium of atomic numbers 93, 94 and 95. 

Rutherford then contrasted the simpUcity of the apparatus which 
he used in Manchester in 1919 with the vast torture-chambers of the 
atom contrived today. 

At Cambridge a great hall contains massive and elaborate machinery, 
rising tier on tier, to give a steady potential of about two million 
volts. Near by is the tsJl accelerating column with a power station on 
top, protected by great corona shields — reminding one of a photograph 
in the film of Wells’ The Shape of Things to Come. 
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RUTHERFORD TO EVE 

Chantry Cottage ^ Upper Chute, Andover, Hants.: i Oct. 1937. Thanks 
for your note re Cask and also for your kind thought in presenting me 
3 of your special collars. They fit me very well and I shall probably 
get a number of them for my travels. Many thanks. 

I shall probably be in London next Wednesday and will lunch at the 
Athenaeum. I shall write to Cask to see if he can meet me on that day. 
I have seen a paper to be given by Cockcroft at Paris this week. He 
estimates that the ‘maximum’ radioactive source to be produced by 
I milhon volts and a strong beam of ions is under one curie but that 
Lawrence, with his 150 ton cyclotron, may produce a source up to 
10 curie. This seems the likely Emit of possibilities by present methods. 

I have made a still furdier clearance of the blackberry patch and the 
view is now quite attractive. Leave for Cambridge in an hour— fine day. 

This was the last letter that I received from him. It indicates that the 
artificial production of radioactivity, using radio-sodium, may soon 
give the equivalent of 10 grammes of radium, but this material (radio- 
sodium) decays to half-value in fourteen-and-a-half hours and must be 
renewed almost daily at an expense probably equivalent, at least, to the 
interest on the prime cost of radium, which decays to half-value in 
1600 years. 

In his last year, in spite of his good spirits, his hard work may have 
been drawing too heavily on his nervous energy and left him almost 
a tired man. As I said good-bye to him at Chantry Cottage in September, 
I noted, with a start, a certain lack of tone in his hand. 

Yet three weeks later, at the Athenaeum, Rutherford, Cask and I 
had lunch together to discuss the rival prospects of radium and artificial 
radioactivity for the treatment of cancer. Afterwards Sir James Jeans, 
Sir Richard Gregory, Sir Frank Smith and a few others, gathered to gethcr 
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in the Smoking Room and we all agreed that never had Rutherford been 
in better form: it was but three weeks before his death. 

On Thursday, 14 October, Rutherford was unwell and summoned his 
doctor next day. Prof. Ryle was called in consultation and the patient 
was taken to the Evelyn Nursing Home in the afternoon. On the way he 
told his wife that his business and financial affairs were all in order. Lady 
Rutherford told him not to worry, for his illness was not serious. To 
which he replied that life was uncertain. An operation was performed 
on Friday evening by Sir Thomas Dunhill and there seemed every 
prospect of good recovery. From Saturday afternoon onwards there 
was steady deterioration. 

Within an hour or so of his death he said to his wife: “I want to leave 
a hundred pounds to Nelson College. You can see to it"', and again 
loudly: “Remember, a hundred to Nelson College.” 

He hardly spoke after that and on Tuesday evening, 19 October, he 
died peacefully. 

The following authoritative medical account was written for this 
book: 

Lord Rutherford had enjoyed a very healthy Hfe and his large frame, 
his genial manner and great capacity for work gave outward expression, 
to the last, of his physical and mental well-being. He had reached an 
age when certain inevitable accidents or degenerative changes become 
common and a stroke or failure of the heart or other organs may bring 
a swift cessation to active days. None of these, however, obtained in 
his case and the tragedy, if it can be called a tragedy to pass quickly 
from this world without forebodings and with powers undimmed, 
was heightened by the fact that his fatal illness was occasioned by a small 
mechanical, although notably dangerous, accident of an anatomical 
kind. 

Lord Rutherford had a sUght hernia or rupture which had previously 
given no cause for concern. On October 14th he was troubled by 
flatulence and nausea, but his bodily functions were otherwise normal. 
That night he vomited. He sent for his doctor. Dr Noursc, on the next 
morning and by mid-day had also been seen in consultation by 
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Professor Ryle. Although the signs were not then conclusive, a strong 
suspicion of commencing intestinal obstruction in association with the 
small umbilical rupture was entertained. He was moved to the Evelyn 
Nursing Home that afternoon and at 6.45 p.m. was also seen by Sir 
Thomas Dunhill, who had been summoned from London. He was 
operated on without delay. It was found that a portion of the wall 
of the small bowel had become imprisoned in the rupture without 
obstruction to its whole lumen, a so-called Richter’s hernia. The circula- 
tion quickly returned to the injured tissues as soon as they were freed, 
and it seemed to those present that the outlook should be good and that 
there was no special reason, apart from the patient’s years, to fear 
secondary compHcations. He was very well the next morning, but by 
the afternoon of October 17th vomiting had recurred together with 
a quickening of the pulse and signs of paralytic distension of the bowel. 
With the introduction of a small tube in the stomach by the mouth, 
siphonage of regurgitated contents was established and from that 
moment over-distension of the stomach and further vomiting were 
entirely obviated. There was increased anxiety leading to another con- 
sultation between Dr Nourse, Professor Ryle and Sir Thomas Dunhill, 
on October i8th, but it was decided that no further operation was 
justifiable. In the earUer part of October 19th, there was a slight im- 
provement, but later, heart and circulation failed and the end came 
peacefully, a consequence of intestinal paralysis and intoxication, which 
would have taxed a younger man and against which the various measures 
employed were unavailing, excepting in so far as they were successful 
in conferring a very real measure of comfort and freedom from dis- 
tressing symptoms. 

Men of his generous build are always viewed anxiously as subjects 
for abdominal surgery, but the nature of the trouble, and its apparent 
prompt relief by operation, had raised hopes at first that in this case the 
issue would be a happy one. It had even been considered possible that 
Lord Rutherford might become well enough to join the British Associa- 
tion’s Congress in India. This had been his strongest wish when the 
need for the operation had been made known to him. At the time of 
his premonitory symptoms, that is to say, on the day before his doctor 
was summoned. Lord Rutherford had had treatment ftom his masseur, 
but there is no reasem to suppose that any measures were employed 
which aggravated the condition. 
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The care of Lord Rutherford during this brief illness was felt as 
a great privilege alike by his doctors and nurses. He was patient, 
courageous and uncomplaining, still capable of a joke, still alert enough 
in his mind to take an interest in the mechanics of the relieving siphonage 
employed. 

He humorously reminded his doctors at one stage that they were 
treating a professional colleague, for it will be remembered that in 
1928, on the occasion of the Harveian Tercentenary Celebrations, Lord 
Rutherford, in concert with Lord Balfour, and Professors Pavlov and 
Wenckebach, had been accorded the very rare distinction of being 
made an Honorary Fellow of the Royal College of Physicians. It may, 
indeed, be said that the veneration due to so great a scientist did actually 
engender in the thoughts of those who attended him a sense of that 
rare relationship which is experienced when a younger colleague is 
called upon to advise and help a senior whom he has long included in 
the category of Master. Inevitably, too, there was a wistful sense of 
regret that science should fail at the last to save one whose devotion 
and contribution to scientific method and knowledge were so enduring 
and outstanding. 


The news of Lord Rutherford’s death was received with consternation. 
There was to the many who knew him a deep sense of personal loss, 
there was to all who knew about him a realisation that they had lost 
a leader who could never be replaced. 

Sir Frank Smith called on the Sub-Dean of Westminster to propose 
burial in the Abbey and this suggestion was immediately granted. The 
body was cremated, and it was announced that the ashes of Lord 
Rutherford of Nelson would be buried in the nave of Westminster 
Abbey, just west of Sir Isaac Newton’s tomb and in a line with that 
of Lord Kelvin. 

In the Abbey there were many personal fHends and leading men. 
The simplicity and greatness of the man were reflected in the service. 

The ten pall-bearers were chosen to represent the chief spheres of 
Lord Rutherford’s main activities; the High Commissioner for New 
2 ^caland, the Vice-Chancellor of the University of Cambridge, the 
Presidents of the Royal Society, the Royal College of Physicians and 
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the British Association, representatives of McGill University, Trinity 
College, Cambridge, the Department of Scientific and Industrial 
Research, the University of Manchester and of the Institution of 
Electrical Engineers. 

At Trinity College, Cambridge, a memorial service was held in the 
Chapel at which the Master of Trinity, Sir J. J. Thomson, old friend 
and guide, read the lessons. 

In Moscow there was a gathering of scientific men to do honour to 
the memory of Lord Rutherford. The chief address was given by Prof. 
Peter E. L. Kapitza, now Director of the Institute of Physical Problems, 
formerly Director of the Royal Society Mond Laboratory at Cambridge. 

There is unusual interest in the obituary notice of Rutherford written 
for the Institution of Electrical Engineers by his son-in-law. Prof. R. H. 
Fowler: 


His untimely death at the early age of 66 removes from us the out- 
standing experimental scientist of the age. For nearly forty years he 
had directed a physical laboratory; first at McGill University, Montreal, 
then in Manchester; and finally for eighteen years in Cambridge. For 
almost the whole of that long period, coterminous with what Rutherford 
himself described as the heroic age in physics, his laboratory, whichever 
it might be, was the resort of physicists from all over the world, and 
played the leading part in the development of our knowledge of atoms 
and the atomic structure of matter. 

Seldom can anyone have started his career at a moment more 
auspicious, for Rutherford entered Cambridge as an advanced student 
in 1895, within a year or two of the discoveries of X-rays by Rontgen, 
of radio-activity by Bccquerel, and of the electron by J. J. Thomson. 
Seldom can anyone have been better endowed to grasp, or more 
gloriously successful in exploiting, the opportunities that crowded fast 
upon him. 

Ideally equipped for directing a physical laboratory, he was capable 
at once of intense sustained individual research, of suggesting and 
inspiring with his own fire cognate researches of others over a very 
wide field, and, particularly in later years, of organising the team work 
required for elaborate attacks on many modem problems. His genial 
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but dominant personality, his exacting demands for the best, the inspira- 
tion of his personal research, and the generosity with which he suggested 
and directed the work of his staff and students, created an atmosphere 
in any laboratory he directed which no one who experienced it will 
forget, or, alas, ever hope to meet again. 

The three periods of his professorships, in Montreal, Manchester, 
and Cambridge, correspond roughly with the three major phases of 
the development of atomic theory which will always be associated 
with his name. The first, at Montreal, was concerned with unravelUng 
the intricate phenomena of radio-active change and the chemistry of 
the natural radio-active elements. For this work Rutherford received 
the Nobel Prize for chemistry in ^gog, and it remained to the end 
a good joke against him, which thoroughly appreciated, that he 
was thereby branded for all time as a chemist and no true physicist. 
The second, at Manchester, is associated mainly with the discovery 
of the nucleus and the development of the nuclear model of the atom — 
once called the Rutherford-Bohr atom, and now so universally accepted 
that it is just *the atom’, the shortened title being perhaps the greatest 
compliment that a scientist can ever pay to a scientific theory. The third, 
at Cambridge, was devoted to the study of the structure of the nucleus 
itself, developing from the disintegrations of nitrogen by alpha particles 
which were first observed by Rutherford himself at the end of his 
Manchester period. The third period culminated perhaps in 1932, that 
annus mirabilis of nuclear physics, which saw the discovery of artificial 
disintegration by protons, of the positron and of the neutron, the first 
and third being Cavendish contributions, while other members of the 
laboratory took an important share in the work of placing that strange 
entity the positron securely on the map. During this period, Rutherford 
was as much engaged in, the direction of the large-scale operations of 
the laboratory as in personal research of his own, and was highly 
excited and delighted by the laboratory’s triumphs. The last few years 
were rather years of reconstruction and preparation for a new attack 
with still more powerful weapons on nuclear problems. Rutherford’s 
own fire seemed unabated to the end. 

On 3 Jan. 1938, the Jubilee Session of the Indian Science Congress, 
held joindy with the British Association, was opened by the Viceroy 
at Calcutta. Sir James Jeans as Chairman read the Presidential Address 



430 THE END [1938 

prepared by Rutherford as already in large measure given, but he 
first of all paid him this tribute: 

Those of us who were honoured by his friendship know that his great- 
ness as a scientist was matched by his greamess as a man. We remember, 
and always shall remember, with affection his big, energetic, exuberant 
personahty, the simplicity, sincerity and transparent honesty of his 
character, and, perhaps most of all, his genius for friendship and good 
comradeship. Honours of every conceivable kind had been showered 
upon him, so that he could not but know of the esteem in which he 
was held by the whole world, and yet he was always simple, unassuming 
and ready to listen patiently to even the youngest and most inexperienced 
of his pupils or fellow-workers, if only he were honestly seeking for 
scientific truth. 

He recalled the statement of Niels Bohr that Rutherford’s achieve- 
ments are so great that they provide the background of almost every 
word that is spoken at a gathering of physicists. 

Rutherford lived in a period which he himself used to describe as ‘the 
heroic age of physics*. . .which opened up a new road which led no 
one knew where — but obviously into a very different territory from that 
which nineteenth-century physics had so industriously and thoroughly 
explored. 

Rutherford directed his colossal energy and tireless enthusiasm to 
all the best new problems in turn 

In his flair for the right line of approach to a problem, as well as 
in the simple directness of his methods of attack, he often reminds us 
of Faraday, but he had two great advantages that Faraday did not 
possess — first, exuberant bodily health and energy, and second, the 
opportunity and capacity to direct a band of enthusiastic co-workers. 
Great though Faraday’s output of work was, it seems to me that to 
match Rutherford’s work in quantity as well as in quaUty, we must 
go back to Newton. 

Voltaire once said that Newton was more fortunate than any other 
scientist could ever be, since it could fall to only one man to discover 
the laws which governed the universe. Had he lived in a later age, 
he might have S2^ something similar of Rutherford and the realm of 
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the infinitely small; for Ruthe rford was the Newto n of yomic phyncs._ 
In some respects he was more fortunate than Newton; there was 
nothing in Rutherford’s life to compare with the years which Newton 
spent in a vain search for the philosopher’s stone, or with Newton’s 
output of misleading optical theories, or with his bitter quarrels with 
his contemporaries. Rutherford was ever the happy warrior — happy 
in his work, happy in its outcome, and happy in his human contacts. 

It has been said by some men of high scientific attainments that 
Rutherford took small interest in science where definite measurements 
could not be made. This attitude arose less from disdain than from lack 
of appeal. He was living in an enthralling world of discovery, demanding 
much thought and close attention, and one which naturally evoked 
his enthusiasm. Other regions of science appeared to him uncertain 
and comparatively dull. It was probably for the same reason that, lie 
found even mathematical physics of secondary importance in his out- 
look. Metaphysics were to him a quaking morass or a closed door, 
while philosophy seemed an imcertain game where the outlook was 
necessarily obscure. Those statements and conjectures which could 
be tested by direct appeal to nature, and by repetition assured, were 
the foundations on which he built. 

Prof. Alexander considered Rutherford “highly imaginative, but not 
speculative’’. “It is curious’*, he said, “that two of the greatest men 
of our day were both boys. Einstein was a merry boy, until sobered 
by recent tragedies, and Rutherford was a rowdy boy.’’ 

It is said of a great creative mathematician that, surveying his subject 
from a high pinnacle of abstract thought, he exclaimed “And we too 
are poets !” Indeed mathematics is akin to music and to poetry, since 
order, rhythm and melody are found in all three, and without imagina- 
tion they cannot be created. The same remark may be applied with 
equal truth to astronomy and to physics. Two of the greatest men of 
our generation, Einstein and Rutherford, taking things as they are, have 
delved with poetic insight and imagination into the ultimate foundations 
of Nature. 
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It may seem at first almost ludicrous to compare Rutherford with 
Shelley, yet it is strange to find how many of the phrases of Francis 
Thompson, written about the great poet, are no less applicable to the 
great man of science : 


He is still at play, save only that his play is such as manhood stops to 
watch, and his playthings are those which the gods give their children. 
The universe is his box of toys. He dabbles his fingers in the day-fall. 
He is gold-dusty with tumbling amidst the stars. He makes bright 
mischief with the moon. The meteors nuzzle their noses in his hand. 
He teases into growling the kennelled thunder, and laughs at the shaking 
of its fiery chain. He dances in and out of the gates of heaven; its floor 
is Uttered with his broken fancies. He runs wild over the fields of ether. 
He chases the roUing world. He gets between the feet of the horses 
of the sun. He stands in the lap of patient Nature, and twines her 
loosened tresses after a hundred wilful fashions, to see how she will 
look nicest in his song. 


FinaUy, is it possible to summarise Rutherford's scientific work in 
simple language ? 

He discovered the magnetic detector of wireless waves, and began 
what Marconi completed. With Sir J. J. Thomson at Cambridge he 
determined the simple laws of the carriers (ions) of electricity in a gas, 
when radiated either by X-rays or ultra-violet Ught. He discovered 
and named the alpha and beta rays from uranium. At McGill he found 
thorium emanation — the first known radioactive gas. He discovered, 
with Soddy, that radio-elements break up when they eject a part of 
their atoms with considerable violence and that the residues form a new 
clement. They obtained ‘recovery and decay' curves. These changes 
arc due to ‘chance*, that is, to unknown causes, which are internal, not 
external. In his Bakerian Lecture he described and gave the laws that he 
found concerning a whole chain of eight radioactive changes beginning 
with radium. He deflected alpha particles with electric and magnetic 
forces to a measured extent and calculated their speed, energy, mass and 
electric charge per unit mass. With Soddy he surmised that alpha 
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particles were charged helium atoms, as the spectroscope con£rmed. 
Later, with Royds at Manchester, he collected alpha particles and they 
were helium. It is not too much to say that at McGill he laid down the 
fundamental principles of radioactivity. He also measured with H. T. 
Barnes the heating effects of different rays and products and pointed 
out how such heat from radioactive matter in the earth might prolong 
the ‘age of the earth*. 

At Manchester, Rutherford and Geiger invented a simple detector 
which enabled them to count alpha particles, one by one, confirming 
the atomic theory of matter. He made accurate measurements of the 
properties of alpha particles. He used the known amount of helium 
in radioactive ores as a basis for the calculation of the age of such ores, 
running into hundreds of millions of years. He and his co-workers 
investigated the three great families, uranium-radium, thorium, and 
actinium with all their properties and radiations. 

At Manchester, too, he noted that alpha particles might swerve to a 
large extent and even turn back when meeting matter. This remarkable 
effect led him to state and verify with Geiger that every atom has an 
exceedingly small nucleus within it, which contains nearly all the mass 
and a positive charge. Moseley showed that the number of unit charges 
in a nucleus is also the atomic number and gives the place among the 
ninety-two elements. 

Bohr worked out a new mechanics of the electrons which move 
around the nucleus, so as to account for the optical and X-ray spectra 
in the ample cases. Rutherford, using alpha particles as projectiles, 
knocked protons (hydrogen nuclei) out of nitrogen atoms. What 
remained, after the alpha particle was swallowed and the proton 
released, was no longer nitrogen; it was oxygen. This was the first 
ddliberate transmutation of matter. He also transmuted other light 
(dements* tfc and his co-workers at Cambridge got powerful electrical 
fields so as to hud protons, and later deutorons, at other elements. 

The erwsMf mirabiliSf acoenrding to R. H. Fowler, was 1932, when 
Chadwick at the Cavendish discovered the neutron, Anderson in 
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California the positron, Cockcroft and Walton achieved artificial trans- 
mutation, while in the next year the Curie-Joliots in Paris established 
artificial radioactivity. At this time the Cavendish was seething with 
an activity energised by Rutherford. 

All his life he played not with atoms, but mainly with the nuclei of 
atoms: radioactivity was systematised, the nucleus discovered, and 
transmutation achieved. 


And what of the man ? He was a man who loved children, and 
children at once loved him. Young people stood in some little awe 
of him, which thawed like hoar frost in the morning sun. He was 
essentially sociable. Those who sat near him at dinner were 
fortunate and they knew it. He might set the table in a roar, and 
certainly he would knit the party together. He could get work out of 
the laziest. He had high courage in a fight, but he saw more wisdom 
in tact. He hated shams and an affected superiority. He was not 
particular about minor points — whether of dress, speech, manners or 
customs. Like the law, he was not mindful of trifles. He set great store 
on earnest and thorough work. He grasped the essentials of a matter 
and insisted on them. At meetings he naturally took the lead. He read 
much and thought more. He would not let a point go past him in the 
laboratory. He would repeat and vary an experiment until he was 
certain. He made few mistakes ; but we must feel thankful that he made 
some. After making them, he cheerfully ignored them ! He knew how 
to follow the main scent and how not to hunt hares. His laboratory was 
not an institution but a company of devotees with high ambitions and 
resolve. He was proud of this company and their fame. There was very 
little secrecy and still less grasping for priority. There was often wild 
oithusiasm for some achievement almost beyond hope or belief. 

‘T remember”, says Geiger, “when Rutherford came to the labora- 
tory, obviously very happy, to tell me about the nucleus and 1 set to 
work at once to verify it.” "One of the great events of my life”, 
says Darwin, "was to have been actually present half-an-hour after 
the nucleus was bom.” 
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Other people ask — ^what was the man like, how did he dress, did 
he really look like a farmer, what sort of accent had he, did he beUeve 
in immortality? None of these things really matters. Here was a king 
marching into the unknown. Who cares what his crown was made of, 
or what the polish on his boots? 

In a moment he could switch ojfF his science and take the keenest 
interest in all sorts of things. He was downright and critical when 
talking to a small group of friends. Then he threw caution to the winds; 
but always at the end — “he’s not a bad sort of fellow when you come 
to know him”. When he came to write, these tilings were smoothed 
out by his fair and deliberate judgment. High pressure needs a valve 
to blow off steam. He was at his best when the volcano was in erup- 
tion; the lava soon cooled. 

With die death of Rutherford a great epoch in science came to an 
end. Galileo and Newton began and ended one such famous period — 
the discovery of the mechanism of the universe. Faraday and Maxwell 
achieved the foundations of electricity. Einstein and Planck have opened 
the doors of relativity and of quanta, 

Rutherford was the Newton of the atom, deaHng with the disintegra- 
tion and the building of atoms. He was the king of the microcosm, 
leading an army to ever fresh conquests. The harvest of his work has 
not yet been fully revealed. Who can doubt that this will appear with 
time? 

A man who knew him well for thirty yean remarked, “Rutherford 
never made an enemy and never lost a friend.” This is the more 
remarkable because he was an outspoken man; but what he said came 
from his whole kindly nature and not from his intellect alone. 

He was a great lover of peace— but not at any price. He had a quick 
sympathy with the oppressed, and was a friend to die outcast. 

Rutherford lived to be a centre of universal aflfection as well as esteem. 
His energy was volcanic and his enthusiasm intense; he had also an 
immense capacity for work. 

He could not fail to be aware of this, but it left him quite unspoiled. 
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On the occasion of one of his discoveries, I said to him: “You arc a 
lucky man, Rutherford, always on the crest of the wave!** To which 
he laughingly replied, “Well! I made the wave, didn*t I?** and added 
soberly, “At least to some extent.** Truly this wave went with him 
always, a fine wave, lit by the sunbeams, for he had the precious gifts 
of the poet — deep insight, powerful imagination, and a profound love 
of truth. 
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